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The aim of this study was to compare the quality traits of Sparus aurata specimens from 
2 different farming activities (intensively-reared in sea cages and extensively-reared in a 
coastal lagoon) and from the wild in Sardinia (Italy). Yields and biological indexes of 
the fish and biochemical and nutritional factors of their muscle were evaluated to verify 
putative differences due to their origin and/or the farming technique employed. Two 
different statistical approaches were applied to find out possible dissimilarities among 
the 3 groups: 1) univariate analysis and subsequent post-hoc comparison tests were 
employed to test specific hypotheses on each variable’s role; 2) multivariate analyses 
were used to assess which variables mainly contributed to differentiate the 3 groups. 
The results obtained showed that yields and biological indexes were higher in 
extensively-reared seabreams. Proximate composition revealed differences in term of 
lipid and moisture content: the former was superior in intensively-cultured fish, while 
the second was higher in those from wild stock. Protein and ashes did not show 
significant differences among the 3 groups studied. As regards mineral content, 
significant differences were detected probably as a consequence of different diets of the 
3 groups. Finally, fatty acids profiles revealed that n-3 PUFAs were higher in wild 
seabreams, n-6 PUFAs were superior in the intensively-reared ones, while extensively-







Fish constitute a primordial food for the human species: the most ancients direct 
ancestors of modern man lived of hunting, fishing and harvesting. For millennia, the 
island and coastal populations have followed a diet based on fish. Even nowadays the 
fishery products represent, in different parts of the globe, the main food source, and for 
some poor nations, an important source of protein. Water covers 70% of our planet, but 
the fishery products satisfy only 1-2% of humanity’s food requirements. What man 
derives from this activity is only a small part of wealth which seas may potentially 
offer. In fact, a few species which the seas have been depleted in the long run are caught 
and consumed, while there is ignorance and lack of interest for almost all the remaining 
species, for which supply exceeds demand. The current fishing methods are so selective 
that, for the required species, there is a situation of overfishing: fishing activities are in 
excess of what the environment can provide. 
Until a few decades ago, the world’s food resources seemed inexhaustible, but today we 
know that the reality is different. The request of proteins continues to grow with the 
increase of population that, in 2020, at the current rate of growth, will exceed 10 billion. 
In this respect, fish products constitute an important alternative source in which 
international and national organizations are looking with interest. FAO, for example, in 
its programs for fisheries, aims on the development of small initiatives on aquaculture, 
on market information, training and resource analysis, providing advice to coastal 
developing countries, helping the testing and implementation of technologies for the 
conservation of small fish as food commercially acceptable. Even the EU is moving in 
that direction with the Framework Programmes for Community actions of research and 
technological development: regarding fishing, in fact, in addition to focus interventions 
on the resource management, systems capture, aquaculture, the primary objective is to 
seek new techniques for processing fish products for a better use of these resources. 
The introduction of an article by Naylor et al. (2000), entitled “Effect of aquaculture on 
world fish supplies”, is very explicit about what is happening in recent years on issues 
such as fisheries and aquaculture: “Global production of farmed fish and shellfish has 
more than doubled in the past 15 years. Many people believe that such growth relieves 
pressure on ocean fisheries, but the opposite is true for some types of aquaculture. 
Farming carnivorous species requires large inputs of wild fish for feed. Some 
aquaculture systems also reduce wild fish supplies through habitat modification, wild 





production still adds to world fish supplies; however, if the growing aquaculture 
industry is to sustain its contribution to world fish supplies, it must reduce wild fish 
inputs in feed and adopt more ecologically sound management practices”. 
Fish produced from farming activities currently accounts for over one quarter of all fish 
directly consumed by humans. As the human population continues to expand beyond 6 
billion, its reliance on farmed fish production as an important source of protein will also 
increase. 
In recent years, it is therefore quite normal that the specific composition of feed for the 
aquaculture sector has played an increasingly important role both in terms of product 
quality (Flos et al., 1989; Amerio et al., 1996; Asknes et al., 1997; Carter & Hauler, 
2000; Cahu & Infante, 2001; Koven et al., 2001a; Watanabe, 2002; Gomez-Requeni et 
al., 2004; De Francesco et al., 2007; Ng et al., 2007; Piedecausa et al., 2007; Tacon & 
Metian, 2008; Roncarati et al., 2010), and as regards the impact that the residues of food 
not consumed and feces of farmed organisms may have on the environment (Cowey & 
Cho, 1991; Ballestrazzi et al., 1994; Navarro & Sarasquete, 1998; Watanabe, 2002; Bell 
& Waagbø, 2008). 
Regarding the first point, in particular, it is extremely useful to study what types of 
foods (including those potentially available) can potentially bring benefits and/or 
improvements to the nutritional and organoleptic characteristics of fish species reared, 
even under a constant demand for a quality product (Haard, 1992; Fernández-Díaz et 
al., 1994; Pérez et al., 1997; Lie, 2001; Flos et al., 2002; Bell & Sargent, 2003; Regost 
et al., 2003; Tacon, 2004; Bell et al., 2005; Izquierdo et al., 2005; Ozorio et al., 2006; 
Bell & Waagbø, 2008; Conceição et al., 2010). 
The quality of the flesh of fish is the result of a complex set of characteristics involving 
factors such as chemical composition, texture, and, among others, colour. These quality 
parameters are directly influenced by intrinsic (fish species, size, and sexual maturity) 
and extrinsic factors (source of nutrients, season, water salinity, temperature, etc.) 
(Kissil et al., 2001; Cordier et al., 2002; Orban et al., 2002; De Francesco et al., 2004; 
Hernandez et al., 2003; Ibarz et al., 2005; Özyurt et al., 2005; Grigorakis, 2007; Couto 
et al., 2008; López-Albors et al., 2008; Moreira et al., 2008; Dabrowski et al., 2010; 
Hurtado-Rodríguez et al., 2010; Roncarati et al., 2010). 
The nutritional value and organoleptic characteristics of fish are especially affected by 
the rearing conditions, so that composition and sensory parameters are expected to be 





& Exler, 1992; Krajnović-Ozretić et al., 1994; Rueda et al., 1997; Carpenè et al., 1998; 
Serot et al., 1998; Rueda et al., 2001; Alasalvar et al., 2002; Grigorakis et al., 2002; 
Saglik et al., 2003; Cejas et al., 2004; González et al., 2006; Grigorakis, 2007; Mnari et 
al., 2007; Yildiz et al., 2008; Kaba et al., 2009; Fuentes et al., 2010). 
In general, farmed fish have been reported to have a softer texture and milder flavour 
than wild fish, which has been related to differences in the muscle structure, proximate 
composition and aromatic compounds profile (Alasalvar et al., 2001; Johnston et al., 
2006; Grigorakis, 2007). Moreover, cultured fish have the advantage of being reared 
and harvested under controlled conditions, so that risks associated with fish 
consumption can be more easily controlled. It is of considerable importance for the 
farming industry and consumers to be aware of the compositional and nutritive 
differences between wild and cultured fish (Cahu et al., 2004; Fuentes et al., 2010). 
 
1.1 Human nutrition 
Fish contributes to food security in many parts of the globe, providing a valuable 
supplement for diversified and nutritious diets. In fact, fish is a very nutritious and 
healthful food: it provides not only high-value protein, but also represents an important 
source of essential micronutrients, minerals and fatty acids. Fish provides 
approximately about 20-30 kilocalories per person per day. It provides higher levels (up 
to 180 kilocalories per person per day) only in a few world’s regions where there is a 
lack of alternative foods, and where a preference for fish has been developed and 
maintained (e.g., Iceland, Japan, and several small island developing states). The dietary 
contribution of fish is more significant in terms of animal proteins, which are a crucial 
component in some densely populated countries where total protein intake levels may 
be low. In fact, many populations (those in developing countries more than those in 
developed ones) depend on fish as part of their daily diets. For them, fish and fishery 
products often represent an affordable source of animal protein that may not only be 
cheaper than other animal protein sources, but preferred and part of local and traditional 
recipes. While the average per capita fish consumption may be low, even in small 
quantities fish can have a significant positive nutritional impact by providing essential 
amino acids that are often present only in low quantities in vegetable-based diets (FAO, 
2008). 
The contribution of fish products to the diet of developed nations (such as Japan, Spain, 





increasing population and the increasing demand have caused the improvement of 
fishing technologies and a consequent excessive fishing effort that has seriously reduced 
the fish stocks. Alongside the aquaculture, in its various forms, has had a huge 
development. A recent session of the FAO Committee on Fisheries (COFI) has 
highlighted the complementary role of aquaculture in the production of fish for human 
food (Tidwell & Allan, 2001) and its ability to alleviate poverty in many rural areas 
(www.fao.org). 
It has been proved that fish products can play a preventive role in the occurrence of 
cardiovascular diseases, so, due to the constant demand on the part of consumers for 
high-quality healthy food, primary animal production systems are trying to reduce the 
impact of some risk factors on human health. The available technologies for farmers to 
reach this goal seem to lie in genetic improvement and the development of feeding and 
management practices. To date, several nutritional studies have focused their attention 
on the numerous health implications of the fatty acid profile of the diet. In particular, 
the relationship between saturated fatty acids (SFA), monounsaturated fatty acids 
(MUFA), long-chain polyunsaturated fatty acids (PUFA) of both the n3 and n6 
categories, seems to play a major role (Valfré et al., 2003). 
Fish oil has been used by humans for hundreds of years to help relieve medical 
problems. Many studies have been conducted on the effect of n3 PUFAs on coronary 
heart disease, atherosclerosis, thrombosis and blood pressure (Phillipson et al., 1985; 
Connor, 2000; Kris-Etherton et al., 2002; Cahu et al., 2004; Din et al., 2004). In recent 
years, a number of studies have also been aimed at discovering relationships between 
fish oil and other clinical conditions, such as arthritis, diabetes, cancer and skin 
disorders (Hunter & Roberts, 2000). 
The increasing trend in consumption and in trade of seafood (half of which coming 
from non-European countries) makes the international approach to minimize the risk 
posed by fisheries products to the consumers an urgent matter. A closer link between 
safety and quality of capture and farming fish products is needed to meet the consumers 
demands. Improvement in quality, labeling and monitoring, thus assuring safety and 
quality of products from point of origin to the consumer, is one of the foremost 
challenges confronting the European seafood industry (www.fao.org). 
 
1.2 Fishing sector 





sector’s contribution to the gross national product of Member States is generally less 
than 1%, but its impact is highly significant as a source of employment in areas where 
there are often few alternatives. Furthermore, it helps to supply fish products to the EU 
market, one of the biggest of the world. 
Until recently, world fish demand was satisfied by the expansion of capture fisheries. 
The development of this industry was most rapid during the 1960s, yields increasing by 
an average of 6% per year (Lawson, 1984). During the 1970s and 1980s, however, 
development was slow and irregular, production peaking at just over 70 million tonnes 
of fish in the first part of 1990s. 
The main cause of the decline in capture fisheries production is the decreasing number 
of natural stocks that can sustain further increases in exploitation. This situation was 
accentuated by exorbitant increases in fuel oil prices, the development of Economic 
Exclusion Zones and over-capitalization of many of the world’s fishing fleets 
(Beveridge et al., 1997). The agreement is that the next years capture fisheries landings 
might remain stable or decrease, providing that appropriate management of stocks and 
development of new fisheries can be achieved and that new fish products can be 
successfully marketed. Trend analysis suggests that by the end of the first quarter of the 
20th century farmed fish productions will have outstripped capture fisheries productions 
and they will be the most important means of providing fish for food. Nevertheless, this 
scenario may be over-simplistic, as it disregards likely shortages in some of the raw 
materials required for the intensive aquaculture, and does not know growing limits on 
land and water availability (Beveridge et al., 1997). 
 
1.3 Aquaculture sector 
The term aquaculture concerns any form of vegetal and animal production in fresh, 
brackish and saltwater. It includes the farming of fish, molluscs, crustaceans and aquatic 
plants, implying some sort of interventions to enhance their production, such as regular 
stocking, feeding, and protection from predators. Several variables are controlled 
through this activity: reproduction cycles, growth, elimination of natural mortality 
agents, and environmental factors that can exert direct or indirect influence on it. 
Control of reproduction is an essential step (otherwise farmers must rely only on 
naturally spawning stocks), but it has yet to be realized in the culture of many species. 
Growth can be increased through selection of broodstock and through feeding. Since the 





diets, there is significant scope for minimizing feed costs if the appropriate omnivorous-
detrivorous-planktivorous species and systems are used (Beveridge, 1996). 
Aquaculture as a science and an industry will continue to grow. With an increasing 
consumer demand and the declining yields from natural waters, the aquaculture industry 
will need to respond with an increasing supply of fish and fish products. The latest 
findings, coupled with future research on nutrition and behavior, will provide the 
knowledge and techniques necessary to advance the science of aquaculture, ensuring its 
growth and success as an industry. 
Aquaculture is more than a science in its infancy, but it is now recognized as a viable 
and profitable enterprise worldwide. As aquaculture technology has evolved, the push 
toward higher yields and faster growth has involved the enhancement or replacement of 
natural foods with prepared diets. At present, in fact, in many aquaculture activities feed 
accounts for more than one-half the variable operating cost. Therefore, knowledge on 
nutrition and practical feeding of fish are essential to successful aquaculture. 
Rearing systems are also fundamental to facilitate management. In fact, they are 
designed to hold organisms in captivity because they increase in biomass by reducing 
predation and disease losses, and by excluding competitors (Reay, 1979). 
 
1.3.1 Origin and evolution of fish culture 
Fish culture probably originated to have control of natural mortality of organisms 
captured and temporary kept in captivity which, in that period, increased in biomass. 
The simplest facilities to construct would have been earth ponds. These may have been 
little more than mud walls constructed to temporarily hold water and fish, following the 
seasonal flooding of a river. 
Manipulation of the growth through feeding with domestic scraps or agricultural wastes 
would have been a logical subsequently phase. However, the control of the spawning is 
a relatively recent attainment, as it is difficult to induce many species to reproduce in 
captivity. There are also many technical problems implicated in the hatching of eggs, 
and in the maintenance and feeding of larval and juvenile stages (Bardach et al., 1972). 
Aquaculture has progressively evolved to obtain control of all the above mentioned 
phases. 
In general, fish farming is a very ancient activity and the earliest form of aquaculture 
consisted of trapping wild aquatic animals in lagoons, ponds or small shallow lakes, so 





when man started to act on natural resources, namely around 4000 B.C. in Europe 
(ec.europa.eu). It is believed to have been practiced in China as early as 2000 B.C., and 
a classical account of the culture of common carp was written by Fan Lei in 475 B.C. 
(Villaluz, 1953). 
In Southeast Asia, fish ponds were believed to have evolved naturally along with salt-
making in the coastal areas, where the salt beds were utilized to grow milkfish during 
the rainy season. The Romans built fish ponds during the first century A.D. and later, 
during the Middle Ages, keeping oysters and fattened fish in specially designed tanks. 
Fish ponds for carp farming were built by religious men throughout Eastern Europe, 
where this activity was popular in the 12th and 13th centuries, particularly in monasteries 
which needed a non-meat source of food for the many days of fasting imposed by the 
Christian faith (Lovell et al., 1978). Early interest in fish culture in the United States 
was carried over from England before 1800, and it was concentrated on the propagation 
and culture of trout and salmon. By early in the 20th century, several forms of fish 
culture were fairly well established, such as milkfish farming in Southeast Asia, carp 
polyculture in China, carp monoculture in Europe, tilapia culture in tropical Africa, 
culture of indigenous finfish and crustaceans in estuarine impoundments in Asian and 
Southeast Asian coastal areas, and hatchery rearing of salmonids in North America and 
Western Europe (Beveridge, 1996). With the exception of salmonid culture, these forms 
of aquaculture were generally extensive, where the nutrient inputs into the system were 
limited to fertilizers and crude sources of foods, and yields were low (Lovell, 1998). 
Traditional extensive fish farming was the first form also practiced in Europe from 
Lapland to Sicily. It consisted of maintaining ponds (natural or artificial) and lagoons in 
such a way that they foster the development of aquatic fauna (ec.europa.eu). Every 
winter, ponds and lagoons were cleaned and fertilized to stimulate aquatic vegetation 
and consequently intensify the presence of micro-organisms, small mollusks and 
crustaceans, larvae and worms, which form the base of the aquatic food pyramid. This 
encouraged the development of “marketable” animals at a higher yield than that of the 
natural ecosystem. 
In the South of Europe, fish farming in brackish water also dates back to this time, when 
lagoons and coastal ponds, depending on their geographical location, were first fitted 
out to retain fish swept in by the tide, including seabass, seabreams and mullets, but 
providing also eels, sturgeons, crayfishes, and shellfish. This activity was often 





Nowadays, intensive fish farming is having a fast development and great advances have 
been made in the fields of nutrition, genetics, engineering, physiology, and 
biochemistry, which have all contributed towards improved yields. However, several 
types of aquaculture have opted for lower yields and significant savings in human 
resources and cost. 
 
1.3.2 World aquaculture production 
In 2007, FAO data reported that from a production of less than a million tonnes in the 
early 1950s world aquaculture has grown to 59.4 million tonnes by 2004 (Fig. 1.1). This 
amount represents more than half of the total catch on fisheries, and one third of world 
products coming from the water. Of this production, 41.3 million tonnes (69.6%) were 
produced in China and 21.9% from the rest of Asia and the Pacific region (Fig. 1.2). 
The Western European region contributed for 3.5% with 2.1 million tonnes, while the 
Central and Eastern Europe region contributed 250,000 tonnes (0.4%). Latin America 
and the Caribbean and North America contributed 2.3% and 1.3%, respectively. Finally, 
production from the Near East and North Africa region and sub-Saharan Africa 
accounted for 0.9 and 0.2%, respectively (FAO, 2007). 
There is a different aquaculture production within each single region of the world. In 
fact, the main productions from South East Asia and China is represented by cyprinids, 
while that from the other regions of East Asia by high-value marine fish. In global 
terms, 99.8% of cultured aquatic plants, 97.5% of cyprinids, 87.4% of penaeids and 
93.4% of oysters come from Asia and the Pacific region. Meanwhile, 55.6% of the 
world’s farmed salmonids come from Western Europe, mainly from the northern region 
of the continent. Carp production, however, dominates in the central and eastern Europe 
regions. 
In North America, channel catfish is the top aquaculture species in the U.S.A., while 
Atlantic and Pacific salmon dominate in Canada. In the Latin America and Caribbean 
region, over the last decade salmonids have overtaken shrimp as the top aquaculture 
species group, due to disease outbreaks in major shrimp producing areas and the rapid 
growth in salmon production in Chile. 
The sub-Saharan African region continues to be a minor player in aquaculture despite 
its natural potentials. 
High value marine species, such as seabream, seabass, turbot, and yellow tail tuna are 






Fig. 1.1. Trend in total world aquaculture production and value (including plants) 




Fig. 1.2. World aquaculture production with China and rest of Asia and the Pacific 




Aquaculture will continue to grow and supply a progressive improvement of the fish 
products consumed. This can assured because supply, price and quality of marine fish 
oscillate significantly as the marine environment is improperly managed and its yields is 
unpredictable. But when fish are cultured, supply can be controlled more effectively. 
With the present technology and research, therefore, yields and risks for several 





1.3.3 European aquaculture production 
In Europe the consumption of fish products has increased in recent years, and in Italy it 
has reached 23 kg per capita per year (Melotti & Roncarati, 2009). Facing with this 
demand directed towards medium-precious species, production from aquaculture have 
provided a major contribution by making possible the constant presence in our markets 
trout, seabass, seabream, and eel of the desired size, but also of new aquaculture species 
(such as white bream, snapper, and porgies) present only seasonally in the past as 
related exclusively to fisheries activities. 
However, the Italian market has to face with an increased import from other European 
countries and from Mediterranean third countries (like Tunisia and Turkey), often 
creating problems of competition with the national product (Cataudella & Bronzi, 
2001). 
In fact, especially in the Mediterranean basin, aquaculture has seen a significant 
increase in production of species considered of greater value, such as the gilthead 
seabream (Sparus aurata Linnaeus, 1758) whose robustness makes it (together with the 
seabass Dicentrarchus labrax) particularly suitable to the climatic and farming 
conditions typical of this geographical area. 
This species is mainly reared in Greece (49%) that, since 2002 has quickly become the 
largest European producer. Other major producers are represented by Turkey (15%), 
Spain (14%), and Italy (6%). Good producers are instead Croatia, Cyprus, Egypt, 
France, Malta, Morocco, Portugal, and Tunisia. 
There are also farms in the Red Sea, the Persian Gulf and Saudi Arabia. In the former 
region, the largest producer appears to be Israel (3% of total production in 2002), while 
Kuwait and Oman are smaller producers (www.fao.org; Fig. 1.3). 
According to aquaculture production statistics published by FEAP (www.feap.org), 
Italy is the fifth largest fish producer in the European continent having a total quantity 
for 2008 estimated around 60,925 t after Norway (870.450 t), United Kindom (161,367 
t), Greece (130,000 t) and Turkey (114,250 t), but third if we consider EU27 members 
(Norway and Turkey are countries outside the EU). These data are illustrated in detail in 
Tab. 1.1. 
In particular, for the main reared species like gilthead seabream and seabass, a 
significant increase in production has occurred in recent years from 135,165 tonnes in 








Fig. 1.3. Main producer countries of Sparus aurata (www.fao.org). 
 
 
Tab. 1.1. European production per country (www.feap.org). 
PRODUCTION 
(tons) YEAR                      
COUNTRY 2001 2002 2003 2004 2005 2006 2007 2008
AUSTRIA 2,308 2,229 2,148 2,410 2,543 2,632 2,632 2,632
BELG.-LUXBG. 1,520 1,200 1,200 1,200 1,200 1,200 1,200 1,200
CROATIA 9,840 9,605 8,456 9,350 9,950 9,550 10,430 10,930
CYPRUS 1,790 1,861 2,090 3,515 3,598 3,582 3,425 4,000
CZECH REPUBLIK 18,660 17,946 18,337 18,798 19,892 18,870 19,803 19,980
DENMARK 40,100 39,800 35,550 36,000 36,610 37,760 37,870 37,500
FAROE ISLANDS 49,138 55,000 62,746 37,518 22,677 14,846 25,173 33,800
FINLAND 15,492 14,894 12,201 12,335 13,693 14,000 11,000 12,000
FRANCE 59,155 55,300 49,470 51,010 48,770 50,655 49,194 48,435
GERMANY 36,150 36,000 36,000 34,750 35,106 35,106 35,106 35,106
GREECE 66,550 73,500 78,500 79,500 83,600 100,000 72,000 130,000
HUNGARY 17,733 18,408 17,735 17,735 17,837 17,697 15,114 15,114
ICELAND 8,070 3,467 6,147 8,917 8,355 8,478 6,852 6,852
IRELAND 24,213 24,173 19,340 15,421 13,220 11,607 13,060 15,420
ITALY 62,900 60,100 56,900 59,100 59,845 60,705 59,700 60,925
MALTA 1,235 1,116 1,000 913 931 931 931 931
NETHERLANDS 6,700 6,400 8,275 8,475 9,650 9,300 8,640 8,640
NORWAY 485,400 543,400 594,570 580,570 655,364 690,950 841,450 870,450
POLAND 34,310 30,750 33,760 33,431 33,241 38,831 37,451 37,451
PORTUGAL 4,940 5,040 6,040 6,040 6,040 5,040 5,040 5,040
SPAIN 54,620 57,200 57,514 62,668 56,835 66,154 61,959 79,439
SWEDEN 7,254 6,084 6,506 6,828 6,922 6,922 6,922 6,922
TURKEY 66,972 62,510 67,250 71,250 78,850 92,750 100,250 114,250
UTD. KINGDOM 165,259 162,461 179,248 168,550 140,793 135,814 159,057 161,367
Grand Total 1,240,309 1,288,444 1,360,983 1,326,283 1,365,522 1,433,379 1,584,258 1,718,383






Tab. 1.2. European production per species (www.feap.org). 
PODUCTION (tons)   YEAR 
GROUP  2001  2002 2003 2004 2005 2006 2007 2008
Carps  77,664  72,743 73,265 73,004 73,308 72,666 70,341 70,597
Catfish  4,071  3,756 5,458 5,512 6,436 6,857 7,788 7,775
Eels  10,282  8,993 8,679 8,268 8,805 7,790 5,320 5,124
Flatfish  5,029  5,730 6,004 7,035 7,464 9,020 8,903 10,086
Other Freshwater fish  420  496 528 481 539 350 514 471
Other Marine fish  10,103  9,071 9,655 15,203 16,781 18,725 17,400 19,486
Salmon  640,825  671,695 756,770 716,994 748,978 763,348 926,428 987,789
Sea Basses  56,162  61,093 62,060 68,679 79,706 97,336 93,425 138,156
Sea Breams  79,003  79,767 88,340 88,922 93,772 119,499 105,097 148,830
Sturgeon  595  600 630 675 2,142 2,597 2,077 2,077
Tilapias  150  150 450 450 700 750 1,150 1,150
Trout  358,005  374,350 349,144 341,061 326,891 334,442 345,816 326,843
Grand Total  1,242,309  1,288,444 1,360,983 1,326,283 1,365,522 1,433,379 1,584,258 1,718,383
 
As regards gilthead seabream and seabass, Italian offshore facilities usually have a low-
medium production capacities, with individual production from 100-200 t/year to a 
maximum of 800-1,000 t/year. In general, most of these farms use cages of about 1,000-
2,000 m3 (medium size circular shaped), equipped with the polyethylene collar. In 
exposed areas submergible cages are more frequently used. 
The above-mentioned fish farms are well developed due to their lower production cost 
in comparison with the land based ones (negatively affected by energy and oxygen 
consumption). Moreover, their diffusion was enlarged when cage technology has been 
able to ensure a minor risk level and when 5-6 g fry started to be available on the 
market (Roncarati & Melotti, 2007). 
In spite of its increasing production, Italy is not able to compete with the other 
Mediterranean producers, ranking fourth (9,800 t seabass and 9,600 t seabream; Tab. 
1.3) after Greece (35,000 t seabass and 60,000 t seabream), although the crisis of recent 
years, continues to have a dominant role and has undertaken restructuration of its plants 
(Melotti & Roncarati, 2009), Turkey (38,000 t seabass and 27,000 t seabream) and 
Spain (11,760 seabass and 24,790 t seabream), which at the same time showed 
productions growing much more than the Italian one (www.feap.org). 
The very high competitiveness, with import of small size fish (B=200÷300 g) has 
induced a lot of companies to diversify commercial size, with a large appreciation for 






Tab. 1.3. Gilthead seabream production per country and size (www.feap.org). 
COUNTRY PRODUCT 2001 2002 2003 2004 2005 2006 2007 2008 
CROATIA Gilthead Seabream 940 700 700 800 1,100 1,000 1,200 1,400 
CROATIA Total 940 700 700 800 1,100 1,000 1,200 1,400 
Gilthead Seabream 1,300 1,260 1,500 1,356  1,879 1,400 1,600 CYPRUS 
Gilthead Seabream 300/400 g     1,465    
CYPRUS Total 1,300 1,260 1,500 1,356 1,465 1,879 1,400 1,600 
FRANCE Gilthead Seabream 1,700 1,500 1,100 1,600  2,200  2,153 
 Gilthead Seabream 300/400 g     997  616  
 Gilthead Seabream 200/300 g     101  42  
 Gilthead Seabream 400/600 g     363  253  
 Gilthead Seabream 600/800 g     289  245  
 Gilthead Seabream 800 g/1 kg     150  222  
 Gilthead Seabream 1 kg+       14  
FRANCE Total  1,700 1,500 1,100 1,600 1,900 2,200 1,392 2,153 
GREECE Gilthead Seabream g 37,000 42,000 49,000 46,000    60,000 
 Gilthead Seabream 300/400 g     18,300 24,000 18,200  
 Gilthead Seabream 200/300 g     5,800 6,000 3,600  
 Gilthead Seabream 400/600 g     15,000 26,000 17,240  
 Gilthead Seabream 600/800 g     3,400 2,500 3,100  
 Gilthead Seabream 800 g/1 kg     1,500 1,100 645  
 Gilthead Seabream 1 kg+      400 215  
GREECE Total 37,000 42,000 49,000 46,000 44,000 60,000 43,000 60,000 
ITALY Gilthead Seabream 6,800 8,000 7,800 8,500    9,600 
 Gilthead Seabream 300/400     3,750 3,400 3,210  
 Gilthead Seabream 200/300     400 700 750  
 Gilthead Seabream 400/600     2,800 3,000 3,235  
 Gilthead Seabream 600/800     1,200 1,300 1,370  
 Gilthead Seabream 800/1 kg     350 400 345  
 Gilthead Seabream 1 kg+      100 80  
ITALY Total 6,800 8,000 7,800 8,500 8,500 8,900 8,990 9,600 
MALTA Gilthead Seabream 1,039 1,066 900 782 800 800 800 800 
MALTA Total 1,039 1,066 900 782 800 800 800 800 
PORTUGAL Gilthead Seabream 2,000 2,200 2,500 2,500 2,500 1,600 1,600 1,600 
PORTUGAL Total 2,000 2,200 2,500 2,500 2,500 1,600 1,600 1,600 
SPAIN Gilthead Seabream 10,685 10,960 12,440 13,034    24,790 
 Gilthead Seabream 300/400 g     6,330 6,066 6,694  
Gilthead Gilthead Seabream 400/600 g     6,112 11,121 12,277  
Gilthead Gilthead Seabream 600/800 g     1,477 1,415 1,559  
Gilthead Gilthead Seabream 800/1 kg     1,055 1,011 1,117  
Gilthead Gilthead Seabream 1 kg+     633 607 669  
SPAIN Total 10,685 10,960 12,440 13,034 15,607 20,220 22,315 24,790 
TURKEY Gilthead Seabream 12,939 11,681 12,000 13,950    27,000 
 Gilthead Seabream 300/400 g     9,500 14,940 10,400  
 Gilthead Seabream 200/300 g     7,000 6,480 6,950  
 Gilthead Seabream 400/600 g     1,000 1,080 6,650  
TURKEY Total 12,939 11,681 12,000 13,950 17,500 22,500 24,000 27,000
Seabream Total 74,403 79,367 87,940 88,522 93,372 119,099 104,697 128,943 
  
 
On the other hand, if we consider the fish consumption, our country is the first in the 
Mediterranean area and needs to import annually over 49,000 t of seabass and seabream 
particularly from Greece and Turkey (Monfort, 2006). These 2 countries sell their 
production almost exclusively on the Italian markets at prices cheaper than that of the 
national product. Therefore, Italian companies, as they started to do, have to take into 
account the improvement of the quality of the product with particular attention to 
feeding management (Lanari et al., 1999) and to fishing and slaughtering processes 
(Kirsch, 2006). Unfortunately, national policies for species diversification were not able 
to offer new opportunities to farmers, so “new species” productions are still 
insignificant. The transfer of research program coordination, from national level to 
regional level, leads to numerous small projects that were not able to allow continuity in 





For some species like meagre (Argyrosomus regius), unknown on the Italian market 
until a few years ago, the demand has going to increase especially in Tuscany (Poli et 
al., 2001). For other species, mainly flatfish and sparids like red porgy (Pagrus pagrus) 
or blackspot seabream (Pagellus bogaraveo) fry quality and quantities were not enough 
to sustain industrial productions. For sharpsnout seabream (Diplodus puntazzo) 
production were limited by the occurrence of parasitic pathogens. The only new species 
activity partly successful is the fattening in large open sea cages of adult caught tuna 
(Thunnus thynnus), but such an activity has a low sustainability both for frozen 
mackerel, pilchard and herring or bogue used as feeding, and for impact due to the use 
of wild young tuna coming from natural populations (Roncarati & Melotti, 2007). 
 
1.3.4 Limiting factors 
To draw up a realistic picture of the sector and to identify possible future developments, 
it is necessary to consider both the limiting factors and the development prospects. 
Among the limiting factors can be mentioned: 
• the lower margins of profitability in recent years; 
• commercial aggressiveness of Community partners and not; 
• current national and international economic situations; 
• changes in consumption patterns, that lead to an increasing demand for products 
easy to prepare. 
We must also consider the need for a continuous adjustment at European Union 
regulations that governing aquaculture and, in general, those involving productive 
activities. The former are often defined at European level, substantially based on models 
different from the farming systems present in our country. Therefore, given that margins 
of profitability of aquaculture will be more and more restrained, it will be essential to 
promote a continuous technological improvement aimed at optimizing the farming 
systems, thereby reducing the production costs. The elements of crisis highlighted 
above could lead to further loss of competitiveness of the sector, which today shows a 
situation of structural fragility. At present, the Italian fish farming production shows 
some weaknesses related to the increased production costs, due to the increase of: 
• feeding costs; 
• energy costs; 





• bureaucratic costs. 
Accordingly, also the profit margins are reduced. Furthermore, the lack of a clear 
interpretation, at national and international level, of legislation governing the 
aquaculture sector, leads to a further operational difficulties in a sector which suffers 
from strong competition, especially from the countries bordering the Mediterranean 
basin, but also from Northern Europe and third countries. Some factors, mainly 
environmental, but also social, represent other constraints to sector development. 
Among these it is important to mention: 
• the negative impact on the environment that can result from livestock facilities 
poorly designed, but mainly managed by improvised operators with low 
proficiency; 
• predation by ichthyophagous birds, also responsible for the spread of diseases in 
livestock; 
• the existence of preconceptions about this activity by some sectors of public 
opinion (Cataudella & Bronzi, 2001). 
 
1.3.5 Development prospects 
Against those that were defined as limiting factors, there are points that national 
aquaculture can exploit as a positive potential. In particular, it is needed to consider: 
• the crisis in marine fisheries, due to a generalized decrease of catches, is not a 
valid competition for those species commonly reared (like seabass and seabream) 
that are captured in very small amounts compared to market demand; 
• net liabilities of the trade balance, with strong imports of fish products; 
• the ability of aquaculture to meet increasing demand, diversifying sizes and 
species produced; 
• high quality standard achieved for aquaculture species and the possibility to 
control the whole production cycle; 
• further opportunities for expansion of farming, especially of marine species; 
• good technological level achieved, and the high competence of the operators; 
• the ability to deliver the product throughout the year without seasonal fluctuations 
related to fisheries and the natural biological cycle of the species; 
• health security arising from the constant checks throughout production cycle (on 





Health Services (ASL, NAS, etc.); 
• the possibility of offering a product with a label certifying origin and day of 
caught, and the establishment procedures of “traceability”. 
Furthermore, in order to maintain and increase its competitiveness and to ensure its 
rational growth, national aquaculture should achieve some basic objectives like: 
• increase the profitability of companies by reducing costs of production, in relation 
to recognition of quality product by market; 
• improvement and optimization of breeding techniques including higher 
technology levels suitable to both reduce and contain the environmental impact; 
• integration of production stages and marketing, reducing the number of phases 
along the distribution chain until consumer; 
• innovation of marketing strategies and promotion of a product that can offer 
constant high quality standards; 
• simplification of bureaucratic and administrative procedures to obtain 
facilitations; 
• enforcement of national and Community laws unambiguously throughout the 
country, without any differences of interpretation; 
• overcoming the EU veterinary legislation that is inadequate to the situation and 
features of the Italian aquaculture; 
• increased competitiveness and productivity of farms through technological 
adjustment; 
• enhancing the role of aquaculture as a site of territorial conservation and eco-
friendly activities; 
• protection of national production through certification of origin and quality; 
• qualification of production through certification of farms and production processes 
(e.g., ISO certification). 
For the reasons above, it appears clear that the Italian aquaculture sector represents a 
vital reality for production levels and diversity of farmed species, with the potential not 
yet fully expressed and that ranks among the top countries of the EU (Cataudella & 
Bronzi, 2001). 
 
1.4 Aquaculture techniques 





criteria: extensive or intensive, in natural settings or tanks, in freshwater or sea water, in 
flow-through or recirculation systems, traditional or modern, classic or organic, 
sheltered or exposed, and so on. A whole range of nuances and combinations are 
possible based on these dichotomies (ec.europa.eu). 
 
1.4.1 Rearing facilities 
Fish rearing facilities can be either land-based (e.g., ponds, raceways, tanks and silos; 
Fig. 1.4) or water-based (e.g., enclosures, pens and cages; Fig. 1.5). In the English 
language, the terms enclosure, pen and cage are used as synonymous and may be used 
interchangeably. In aquaculture, however, this has generate confusion, because the term 
“enclosure” is used to illustrate something which could be both a cage or a pen, while 
the word “pen” (used in North America) indicates a big sea cage. Beveridge (1996), for 
example, used these terms in a more restricted sense: “enclosure” was used to indicate 
an enclosed natural bay, where the shoreline forms all but one side, which is normally 
closed off by a solid or mesh barrier. In pen culture, all side of the cage, excluding the 
bottom, are man made, often being constructed from wooden poles and netting. The 
bottom of the pen, however, is formed by the sea bed. In contrast, cages are enclosed on 
the bottom, and all side including the bottom are man made. 
 
  











Other differences exist among the aforementioned water-based rearing facilities. In fact, 
pens and enclosures tend to be larger, ranging in size from around 0.1 ha to some which 
are well over 1,000 ha. Cages, however, typically have a surface area somewhere 
between 1 and 2,000 m2. Moreover, because of their small size, cages are better suited 
than pens to intensive rearing techniques (Beveridge, 1996). 
 
1.5 Extensive fish culture 
Extensive fish culture is based on the use of natural resources for fish farming in 
confined biotopes. This system is mainly based on the natural migration of euryhaline 
fish species. 
Human intervention is limited to the hydraulic control of water flow through culverts 
and grids installed at the mouth of the lagoons or of large delta rivers, and to increase 
the production with the introduction of fry from breeding centers or collected in nature. 
Others interventions may also be carried out through predators control, water 
fertilization and administration of supplementary diets. Several types of extensive 
aquaculture, however, are at the limit between fishing and farming activities. 
In Italy, extensive aquaculture is generally practiced in coastal lagoons or in the so-
called “fishing valleys”, from which derive the Italian term “vallicoltura”. Most of these 
latter activities are carried in northern Italy, particularly in Veneto, Emilia-Romagna, 
and Friuli-Venezia Giulia regions. In the rest of our country extensive aquaculture is 
practiced in lagoons, mainly in Tuscany, Latium and Sardinia. In both cases, extensive 
aquaculture is indeed a basic model of interaction between human activities and 
environmental conservation. In fact, extensive aquaculture, as well as being a valid 
model of development from an economic standpoint, has enabled the conservation of 
environmental features in large areas. The limit of extensive aquaculture is a rather low 
yield (compared to land use), and fish density generally does not exceed 0.0025 kg/m³ 
(www.fao.org). In some biotopes, however, in addition to aquacultural activities, sport 
fishing and farmhouse accommodation (defined “ittiturismo”) are also present 
(Cataudella & Bronzi, 2001). 
 
1.5.1 Coastal lagoons 
It is easy to believe that coastal lagoons have been the cradle of aquaculture for marine 
species at different latitudes of the globe. Their physical nature, with clearly defined 





possibility of isolating residents fish populations from marine species thanks to barriers 
of various manufacture, have characterized the fish production in these environments as 
“between fishery and aquaculture”. 
Coastal lagoons and brackish coastal ponds are aquatic “transitional environments” 
between the continental river systems, representing the closing section, and the sea. 
These environments are represented from coastal basins confined from the sea by beach 
ridges, and in contact with this through tidal channels (lagoons) or openings (ponds). 
Lagoons are generally characterized by shallow waters, that exposes the entire system to 
the effects of weather and climate, as air temperature and winds (Cataudella & Bronzi, 
2001). 
Of particular importance is the role of tidal channels through which the lagoons are 
hydraulically and biologically connected with the marine environment. First of all, they 
represent a sort of “accessory source” of lagoon biodiversity. Many marine organisms, 
in fact, can enter a lagoon both passively (planktonic forms) or actively (e.g., euryhaline 
fry in the so-called “migration phase” or “ascent”) and spend there much of their life 
cycle. Tidal channels of coastal lagoons also constitute corridors through which adult 
specimens of euryhaline species (due to reproductive stimulus) and sub-adults (due to 
adverse environmental conditions) can return to the sea. 
Nevertheless, water supply of continental origin is also important for the productivity of 
a lagoon. 
Exploitation of fish migration between lagoons and open sea is an old human activity. 
The “lavoriero” is a very ancient fishing tool which allows the selection of fish species 
and size. The “lavoriero” is a V-shaped construction of poles and grilles (Fig. 1.6), in 
which fish are trapped when leaving the lagoons to the sea in migratory seasons, but it 
can be also equipped to catch fish of commercial size entering the lagoon. Furthermore, 
“lavoriero” can optimize the ascent of fry and juvenile fish from the sea (Cataudella & 
Bronzi, 2001). 
The most valuable lagoon fish species are: Mugil cephalus (flathead grey mullet), 
Chelon labrosus (thicklip grey mullet), Liza ramada (thinlip grey mullet), L. aurata 
(golden grey mullet) and L. saliens (leaping mullet) among Mugilidae; Sparus aurata 
(gilthead seabream) among Sparidae; Dicentrarchus labrax (seabass) among 
Moronidae; Anguilla anguilla (eel) among Anguillidae. The extensive farming of these 







Fig. 1.6. The “lavoriero” fishing tool. 
 
1.6 Semi-intensive fish culture 
Traditional forms of fish farming in ponds and lagoons evolved into production systems 
described as semi-intensive aquaculture. 
Producers were no longer satisfied about the natural development of these ecosystems, 
then they began to assist nature introducing fry from hatcheries and providing them 
supplemental feed. In fact, in this system human control of the farming environment is 
greater than in the extensive one (ec.europa.eu). 
To compensate the decline in natural recruitment, this form of aquaculture is basically 
based on batches from hatcheries and on use of commercial feed. Seabass and gilthead 
seabream fry born in captivity are often seeded in the Italian lagoons due the increased 
scarcity of these species in the wild.  
In general, semi-intensive farming yields can vary from 15 to 30 kg/ha/year, with the 
achievement of commercial fish size (300 to 350 g) in 12-24 months, depending on the 
reference area, employed seed, trophic capacity of site and sowing density (Cataudella 
& Bronzi, 2001). 
Other types of semi-intensive farming involve more control, and comprise the total 
provision of artificial feed and supplemental oxygen. This type of semi-intensive 
farming system is usually carried out in net enclosures within limited areas of the 
lagoons. 
The final production can vary widely, according to the size of the juveniles stocked and 
the amount of feed presented, and fish density does not normally exceed 1 kg/m³, 





1.7 Intensive fish culture 
Intensive fish culture involves increasing density of individuals, which requires greater 
use and management of inputs, greater generation of waste products and increased 
potential for the spread of pathogens (Naylor et al., 2000). 
Nowadays, intensive farming represents the most widely used production technology 
for marine species in the Mediterranean basin, with about 80% of the total production 
obtained in tanks on land, but particularly in sea cages. 
In Italy, most of the farmed fish species such as trout, eel, seabass, gilthead seabream, 
but also catfish and sturgeon, come from intensive plants. In this type of farming, 
human contribution in distributing artificial diets with formulations suitable for 
aquaculture species is crucial. Such kind of activity occurs especially on land into 
concrete tanks or into the ground directly, although in recent years it is increasing 
practiced in sea cages and pens. In intensive rearing, it is necessary to pay particular 
attention to inputs of wastewater substances, such as food unconsumed and feces, that 
can cause potential alterations of seawater. The presence of organic compounds in waste 
such as proteins, carbohydrates, urea and vitamins, in fact, can affect the rearing 
structures causing modifications on vegetal growth, and thus representing a possible 
damage to the species reared. 
There are integrated typologies of intensive aquaculture in which modules can be linked 
to extensive basins. In this case, the wastewater from intensive farming, such as those 
rearing seabass and gilthead seabream, are directed in a basin where are previously 
introduced fish species that prefer environments rich in organic substances. In this way, 
it becomes possible to recover that part of energy dissipated from intensive farming 
activities, giving back simultaneously cleaner waters. 
On the other hand, facilities equipped with sea cages are generally arranged in sites 
where currents contribute to waste dispersion. 
In some cases, they are implemented with farming of molluscs that, with their filtering 
capacity, use nutrients from livestock waste having a purifying effect on the 
surrounding water. 
There is a further problem that arises from intensive rearing: the introduction of 
allochthonous species. The risk is to introduce diseases or parasites and adverse 
environmental impacts on local flora and fauna. 
To avoid the first case, it should proceed with certification and quarantine, about the 





1.7.1 History of cage culture 
In all probability, cages were first used by fishermen as a suitable holding facility for 
fish before the sale. The most primitive types of holding cage may have been little more 
than custom-made fish traps or baskets, and such traditional types of holding facility 
have been in use in several parts of the world for generations (Beveridge, 1996). 
The real cage culture, in which fish were held for rearing periods during which 
increased in weight, was until recently thought to be a comparatively modern 
development. According to Hu (1994), however, Zhou Mi described fry sales in the 
ancient Jiujjang River, in a book called Kuixinzhashi, written in 1243 during the Sung 
Dynasty (A.D. 960-1280). 
In the Great Lake region of Cambodia floating cages have been used since the end of 
the last century (Lafont & Savoeun, 1951; Hickling, 1962; Ling, 1977; Pantulu, 1979). 
Species like snakeheads (Channa spp.), catfishes (Pangasius spp., Clarias spp.) and 
marble-headed gobies (Oxyeleotris marmorata) were held in wood or bamboo cages, 
fed on a mix of kitchen scraps and trash fish, and transported by river to the markets of 
Phnom Penh. Cages were either towed behind the boats or occasionally incorporated 
into a vessel. During the present century, this type of cage culture proliferates at the 
most part of the inferior Mekong delta and into Vietnam (Pantulu, 1979). 
The floating bamboo cages have been in use since the early 1920s (Reksalegora, 1979) 
to rear Leptobarbus hoeveni fry captured in the Mungdung Lake (Jambi, Indonesia). A 
different form of cage culture appeared in Bandung (Indonesia) around 1940. Small 
bamboo and “bulian” wood cages were anchored to the bottom of organically polluted 
rivers and canals and stocked with common carp (Cyprinus carpio) which fed on wastes 
and invertebrates carried in the current (Vass & Sachlan, 1957; Costa-Pierce & Effendi, 
1988). 
Traditional cage culture, distinguished by its reliance on natural construction materials 
and natural or waste feeds, is still practised in many parts of Indonesia and Indo-China. 
However, although moderately successful, these methods of rearing fish had a largely 
localized influence and did not directly give rise to the current cage fish farming 
industry. Modern cages utilize synthetic mesh or netting materials and have collars 
usually fabricated from synthetic polymers and metals although wood is still widely 
used in many designs. It is difficult to be exact about the origins of modern cage fish 
farming although Japan has undoubtedly been an central starting place. According to 





started experimenting with cage fish culture in 1954, and commercial culture of 
yellowtail Seriola quinqueradiata followed three years later. Surprisingly, tilapia 
(Oreochromis spp.) culture in cages is of even more recent origin and owes its 
beginnings to work carried out at Auburn University in the late 1960s (Schmittou, 
1969). 
In the 1960s, a major innovation in fish farming was developed in Japan: the floating 
cage. In this structure, fish were held in captivity into a large pocket-shaped net 
anchored to the bottom and maintained on the water surface by a rectangular or circular 
floating framework, originally made of bamboo but soon replaced by plastic. Japanese 
used this device to fatten amberjacks and seabreams. Subsequently, their idea was 
exported to Europe, particularly in the Norwegian fjords where floating cages were 
originally used first to breed rainbow trout but after to culture also Atlantic salmon 
(Salmo salar). 
In Scotland, the White Fish Authority commenced salmon cage rearing trials around 
1965 whereas, among the 1970s and 1980s, in fjords and bays in the North Sea and west 
of the British Islands, especially in Norway and Scotland, the European salmon farming 
became. Salmon, due to its scarcity in the wild, originally was a luxury product but with 
the abovementioned facilities its new availability at a reasonable price proved to assure 
it an unprecedented commercial success. It turned sea farming into an up-and-coming 
sector in all Europe. Following this example, Mediterranean countries developed the 
rearing of seabass and gilthead seabream. During the 1990s, farming of these species 
spread throughout the Mediterranean and the Canary Islands. Salmon, seabass and 
seabream still remain the flagship products of European sea farming, with a 
diversification of quality that responds to different market segments. Nonetheless, other 
species are gradually appeared in cages, like the golden mouth croaker in southern and 
cod in northern Europe. 
Between 1990s and 2000s, another form of intensive sea farming regarding flatfishes 
was developed. Floating cages indeed are not suited to these species, which need to live 
on a sandy bottom, so that tanks on land supplied with sea water were therefore 
introduced (e.g., turbot farming in Galicia). Owing to this, progress in recirculation 
technology now offers new some prospects for land-based “mariculture”, especially in 
scientific researches on some species such as common sole. Moreover, the possibility of 
controlling some water parameters, particularly temperature, makes this activity 





The start of the 21st century brought a new challenge for aquaculture. European coastal 
zones were saturated with aquaculture activity and had no land to the expansion of this 
sector. Sea farmers were obliged to move further away from the coast moving to inland, 
employing water recirculation systems, even though the cost of artificial sea water was 
a disadvantage. 
An alternative was to move the facilities offshore, far from sheltered coastal areas, so 
that “mariculture” practices began to expand in Europe. However, these activities had 
tremendous difficulties because of the depth of the Mediterranean and the windy and 
stormy of the North East Atlantic Ocean. For all these reasons, new systems to keep fish 
enclosed such as submersible cages had developed but solutions are also needed for 
their feeding and remote monitoring (ec.europa.eu). 
 
1.7.2 Evolution of cage culture 
Like other aquaculture activities, cage culture may be classified on the basis of feed 
inputs as: 
• extensive (Fig. 1.7); 
• semi-intensive (Fig. 1.8); 
• intensive (Fig. 1.9). 
In the first case, fish feed exclusively on available natural foods such as plankton, 
detritus and various organisms present in the aquatic environment. Extensive cage 
culture is almost limited to fresh waters and may be practised in 2 types of environment: 
highly productive lakes and reservoirs, and water bodies which receive sewage or 
domestic wastes. Primary production, which fuels all successive energy transactions in 
aquatic food webs is dependent upon the availability of essential nutrients (i.e., 
phosphorus and nitrogen), light and temperature (Le Cren & Lowe-Mc Connell, 1980; 
OECD, 1982). 
Systems with high nutrient loadings are likely to be highly productive. However, 
productivity is also correlated with latitude (Brylinsky, 1980), and between temperate 
and tropical zones there is a considerable increase in the range of annual primary 
production values. At present, extensive cage culture is only practised in Indonesia, 
Philippines and China (Beveridge, 1984; Li, 1994). In Europe and in North America, 
extensive cage rearing of juvenile planktivorous stages of salmonids, coregonids and 
pike (Esox lucius) is carried out, often using lights to attract zooplankton (Bronisz, 




















Semi-intensive aquaculture involves the use of low protein (<10%) feed, usually 
compounded from locally available products, to supplement the intake of natural food. 
In tropical fresh waters, semi-intensive fish rearing is the most common method of cage 
culture. Species that feed low in the food chain, such as tilapias (Oreochromis niloticus, 
O. mossambicus, and O. aureus), and bighead silver (Hypophthalmichthys molitrix) and 
common carp, are fed on a variety of materials including rice bran, wheat middlings, 
brewery and domestic wastes (Pantulu, 1979; Dela Cruz, 1980; Coche, 1982; Beveridge 
& Phillips, 1988; Costa-Pierce & Soemarwoto, 1990; Beveridge & Muir, 1995). Semi-
intensive cage fish rearing is also practised to a limited extent in eastern Europe (Müller 
& Varadi, 1980; Martyshev, 1983). However, apart from some experimental works with 
herbivorous species such as siganids and mullets (Pitt et al., 1977; Tahil, 1978), semi-
intensive cage culture is generally not practised in marine environments. 
In intensive culture, fish depend exclusively on an external supply of high protein 
(>20%) food, usually based on fishmeal. Intensive cage culture is largely confined to 
the rearing of high value carnivorous species. In fresh water, salmonids and channel 
catfish (Ictalurus punctatus) are reared intensively, while in the marine environment 
Atlantic salmon, yellowtail, seabass (Dicentrarchus labrax) and gilthead seabream 
(Sparus aurata) are the principal intensively reared species. 
Some intensive rearing of caged tilapias and carps is practised in parts of the world 
where they fetch high market prices (e.g., North America, Singapore, Taiwan). 
Limitations in the length of the growing season in these countries also encourage the 
use of intensive feeds. Trash fish is still the principal type of feed used in yellowtail and 
grouper culture. Formulated pelleted dry diets have been developed and are commonly 
available for salmonid, channel catfish, seabream and seabass culture. 
Nonetheless, the installation designs used to rear fish in offshore site can be complex, 
several cages are simple to assemble and can be constructed in a day. Cages are also 
easily managed. Observation of stock is facilitated and, unlike pens, fish may be 
supplied relatively easily using little scoop. Once installed land-based culture systems 
can be difficult or expensive to change. However, cage farms can be extended simply 
by adding a few more cages. 
Fish reared in cages can succumb due to fin and skin damage through abrasion (Moring, 
1982), although disfigurations can be kept to a minimum if cages are sited and moored 
properly, if appropriate rearing densities are adhered to, and if fish are carefully handled 





physiological stress than free-swimming fish. A number of studies confirm that cage-
reared fish can be superior to fish reared in other systems and even to wild fish, in terms 
of condition factor, appearance and taste (NORDA, 1984; Li, 1994). 
 
1.7.3 Intensive sea cage farming 
In many countries, technological development and market trends are driving to a totally 
unexpected expansion of “mariculture” in sea cages. At the same time, reduced 
investments and management costs of land farms, and high productions obtained are at 
the basis for this diffusion. 
Further technological development of these practices concerns also the rearing of some 
pelagic species like tuna (Thunnus thynnus) and amberjack (Seriola dumerilii) 
(Cataudella & Bronzi, 2001). 
In general, fish farming in sea cages is quite simple and economical, and represents the 
fattening system normally used in the Mediterranean basin. Although densities (10-15 
kg/m³) are lower than in tanks, there are great advantages that make cages culture more 
profitable. For example, there are no energy costs for pumping, aeration, or post-rearing 
water treatment. However, it is not possible to control temperature in sea cage, resulting 
in a longer rearing period to market size, or the necessity to stock larger juveniles. Thus, 
density of 20 kg/m³ can be considered acceptable for farm strategy planning for raising 
healthy on-growing seabass and seabream juveniles (Roncarati et al., 2006). On 
average, larger pre-fattened gilthead seabream (10 g) reach first commercial size (350-
400 g) in about one year, while smaller juveniles (5 g) reach the same size in about 16 
months (www.fao.org). 
 
1.7.4 Different types of sea cages 
In general, four main cages types are usually used: fixed, floating, submersible and 
submerged. 
 
1.7.4.1 Fixed cages 
This cage type can be installed only in areas very sheltered from winds and storm 
surges. The support structures to hold up the net are built with inexpensive materials, 
such as axes and wooden poles, but they can be also made in plastic material 
(polyethylene). Their shape can be square or rectangular, and the size usually does not 





These structures are especially common in developing countries, lagoons and deltas of 
large rivers, particularly for rearing tilapia and catfish. In the Mediterranean, there are 
several plants with fixed cages, where generally seabass, gilthead and white seabream 
are reared. Usually, the productions can reach approximately 7 kg/m3, but they can 
increase with forced water replacement and using liquid oxygen. For a plant of 10 cages 
the routine management (i.e., feed, livestock control, nets change) requires at least 3 
persons, but nowadays exist automatic feeders for saving manpower. Moreover, with a 
total volume of breeding of about 1,500 m3 the production is 100 hundred kilos/year. In 
Italy, there are few plants having these characteristics due to the shape of the coast. 
 
1.7.4.2 Floating cages 
The technology of flexible floating cages offers solutions both for sheltered and 
exposed sites. The most widespread model is the circular cage with 2 concentric collars 
of high density polyethylene (HDPE) as a structure of floating support named “TLC” 
(Tension Leg Cage with tension stays) REFA. A modular gangway facilitates the 
mooring of service vessels and, therefore, the control of livestock (maintenance, nets 
change, feeding, fisheries). The nets are fixed to the HDPE structure, held open by 
ballast and rigid rings of tension but the module does not withstand intense storms (with 
significant wave height of 1-1.5 m). Usually, volume of these cages reaches a maximum 
of 4,000 m3, with diameters ranging between 10 and 24 m. Cages only just mentioned 
can be organized in more modules (pontoons), which contain space for stocking feed 
and equipment, staff premises (maintenance and monitoring), gangways for walkway 
useful to management. Usually, a structure for sheltered sites includes 12 cages of 15 m 
of length, for an overall area of about 2,700 m3, though total volume depends on the net 
height. 
For exposed sites are used cages in polyethylene with larger diameter (30-50 m) and 
volumes of 10,000÷40,000 m3, capable to withstanding a significant wave height (6-7 
m), with moorings and anchorages more elastic and resistant than previously described. 
Another type of support structure is in tubular rubber (about 16-20 m of diameter) air 
filled at low pressure. The cages are polygonal (square, hexagonal, octagonal) with 
capacities up to 40,000 m3. Off-shore fish culture has led to the development of support 
technologies able to facilitate working, basically for the most demanding conditions in 
which is made. Among these technologies, automatic guard systems (e.g., cameras and 





software (wavemeters, oxygen, and temperature sensors), cameras monitoring livestock 
and cage status. 
In general, floating structures having cages of 2,000÷4,000 m3 in volume provide a 
good summary cost/performance for seabass, seabream, white bream and amberjack, 
with productions reaching 10-15 kg/m3, corresponding at 20-60 tonnes/cage. Their 
management involves at least 3 people for a module of 2 cages in sheltered sites; at least 
4 people for exposed sites are required. Further example are floating cages for tuna 
farming: they can have diameter of about 50 m and 50,000 m3 of volume, reaching final 
productions (storage capacity) of 15-40 tonnes/cage. In this case, are necessary at least 4 
people for the routine management of a single cage.  
 
1.7.4.3 Submersible cages 
This cage type can operate equally at the surface or underwater. This solution allows to 
reduce mechanical stress on the structures and, therefore, is particularly suited to areas 
prone to storm surges. The structure can be in HDPE (circular cages) or, as well, in 
galvanized steel tubes (polygonal cages). To get to operating depth of 10-20 m, trim 
changes are obtained by air/water pneumatic systems, although some cages are designed 
to remain partially emerged. Pneumatic system can be comprised of structural elements 
of the cage, both in polyethylene and steel, equipped with pneumatic pipes of 
connection, valves and watertight chambers. 
 
1.7.4.4 Submerged cages 
There are not many applications of submerged cages. Generally, they have structure in 
steel, similar to the submersible one. In Italy, for example, a submerged cage 
completely made of steel has been installed near the Island of Lampedusa. It had a 
volume of 1,100 m3 and was equipped with a pneumatic ballast system, automatic 
system of feeding, and a feed storage silos. 
 
1.7.5 Feed for caged fish 
The majority of caged fish species is piscivore, since in the wild they partially or totally 
eat fish. Consequently, their feed must contain a high content of fish flours and fish oils. 
However, the world’s production of these ingredients, based on the South Pacific and 
the North Sea catches, has suffered since the 1980s a sharp drop caused by over-





shellfish but also for feeding chickens, pigs, cattle and to a lesser extent for the 
production of pharmaceutical products. 
The main fish culture products are carps and tilapias grown in the tropics and sub-
tropics. A small component of fish production, an estimated 10%, comes from intensive 
cage culture. Nevertheless, salmon farming in particular is becoming an important 
consumer of fishmeal. By the mid-1990s, world’s production of Atlantic salmon was 
around 400,000 t. If an average food conversion ratio of 1.3:1 is assumed, then 520,000 
t of salmon food were needed to sustain this industry. Since the fishmeal component of 
salmon diets is 50% and 5 t of fish are required to produce 1 t of fishmeal, then 1.3 
million t of industrial fish were being used to support the industry, equivalent to some 
15% of global fishmeal supplies and around 5% of total capture fisheries production. A 
further 78,000 t of fish oil is required (15% inclusion rate), equivalent to 5% of world 
supplies (Folke & Kautsky, 1992; Chamberlain, 1993; Tacon, 1994; Beveridge, 1996). 
Consequently, with the help of scientific research, there was a partial or in some cases a 
total replacement of amino acids and fat of fishmeal and fish oil with those of vegetable 
origin. 
Thus, from one perspective, cage aquaculture is not a major drain on finite resources 
except, perhaps, with regard to fisheries products. Thus, since intensive cage 
aquaculture is an important consumer of fishmeal and fish oil, it must accept some 
responsibility for over-exploitation of fish stocks, with consequent effects on wildlife 
(Monaghan, 1992; Pauly & Christensen, 1995). 
In general, however, it is difficult to say whether cage aquaculture is more resource 
hungry than other forms of aquaculture as a comprehensive analysis of land-based and 
water-based aquaculture production has yet to be carried out (Beveridge, 1996). 
Therefore, the development of sustainable and responsible cage aquaculture will allow 
the decrease of pressure by market demand on fisheries, promoting the recovery of 
natural populations. 
 
1.8 Euryhaline species 
Over the last 15 years the Italian production of euryhaline fish has shown an important 
expansion. In particular, species like seabass (Dicentrarchus labrax), gilthead seabream 
(Sparus aurata), grey mullets (Mugil cephalus, Chelon labrosus, and Liza spp.), and eel 
(Anguilla Anguilla) were extensively and intensively reared. All these fish are capable 





seasonal changes (influx of freshwater from rivers). At present, however, currently 
production trends in these species has changed and there has been a strong reduction in 
eel culture in favour of gilthead seabream (and partly of seabass), while grey mullets 
remain the reference species for extensive production. 
In particular, gilthead seabream and seabass are the species that have known the largest 
development during the last years. Initially, their farming was very limited due to 
difficulties related to the reproduction and larval phases, but in the mid of 1980s when 
these problems were solved, Mediterranean and also Italian hatcheries started to supply 
large quantities of good quality fry (Report to the European Commission DG Fisheries, 
2004). At the end of 1990s, Italy increased its productions up to of about 120 millions 
fingerlings. Afterwards, fry production decreased for a few years although started 
growing again until at 2006 with production estimated around 100 millions fingerlings 
(Melotti & Roncarati, 2009). 
Even if with a lower growing rate during the last decade, from 1990s until last year 
Italian production of commercial size seabass and gilthead seabream increased steadily, 
so that in 2008, total production was estimated at 19,400 t (9,800 t of seabass and 9,600 
t of gilthead seabream at market size). 
Though until 1990s most of the production came from land based facilities, with the 
developments of “mariculture” techniques in the following period, product coming from 
offshore farms increased more than half of the total Italian production. Today, offshore 
farms that produce seabass and gilthead seabream along the Italian coast are more than 
30, mainly in central and southern regions: Liguria (2), Tuscany (1), Latium (3), 
Campania (3), Calabria (7), Puglia (5), Veneto (1), Sardinia (6) and Sicily (3) 
(Roncarati & Melotti, 2007). 
 
1.9 Fry production system 
Most of the fry needed for aquacultural activities of the 2 aforementioned species are at 
present produced in modern hatcheries through intensive larval rearing techniques (Fig. 
1.10). In general, every hatchery has its own broodstock unit, where breeders of various 
age batches (for gilthead seabream from 1 year-old males to 5-year old females) are 
kept under long-term stocking conditions. Breeders can come either from a farm or, 
more frequently, from the wild. These latter are preferred because characterized by a 
high genetic variability, then absence of transmissible genetic diseases. 





from their long-term location to the spawning tanks. The control of the sex ratio in 
spawning tanks is a very important factor for gilthead seabream and precautions need to 
be taken because sex reversal is socially determined. The presence of young males at 
the end of the spawning period, for example, increases the number of older fish that 
become females. Conversely, the occurrence of older females reduces sex reversal in 
younger fish. Sexual maturation is obtained by exposing the broodstock to photoperiod 
and water temperature conditions that occur during the natural spawning period. As 
alternative, female spawning can be obtained also by hCG 150-200 U.I./kg (Zohar et 
al., 1989) and GnRHa (D-Ala6; Pro9Net-mGnRH) inoculation (5-20 μg/kg) (Barbaro et 
al., 1997) (www.fao.org). 
 
 
Fig. 1.10. Example of production cycle of Sparus aurata (from www.fao.org). 
 
Closed (1-5 m3 tanks; 100 larvae/l) or open systems (tanks 5-30 m3; <50 larvae/l) can be 
used for larval rearing, preferably under a continuous light regime (330-600 lux) that 
improves growth and survival (Cataudella & Bronzi, 2001). In most intensive systems, 
the first living food for fish larval feeding are Rotifers (e.g., Brachionus plicatilis) 





These small organisms are used due to their relative ease with which they can be 
cultured on a large scale. From 10-11 days after the hatching, Rotifers are integrated 
with Artemia salina nauplii until larvae accomplish metamorphosis (32-35 days post-
hatching) (Merchie, 1996; Sorgeloos et al., 2001). Both Rotifers and Artemia are 
routinely enriched with commercial lipid preparations to enhance their levels of certain 
essential fatty acids (i.e., EPA and DHA) and vitamins critically important for a good 
growth, development and survival of the fish larvae (Ibeas et al., 1994). To reduce 
feeding and management costs, in some intensive hatcheries live preys are replaced by 
microencapsulated inert food (250-700 μm) since the early larval stages (Walford & 
Lam, 1987; Robin & Vincent, 2003). 
In a number of Mediterranean hatcheries, some species of microalgae (e.g., Chlorella 
sp., Isochrysis galbana, Pavlova lutheri, Nannochloropsis oculata, N. gaditana, 
Dunaliella tertiolecta) are used both for Rotifer production and to improve water 
quality in the larval tanks, creating the so-called “green water” used during the initial 
rearing phases (www.fao.org). 
After about 45 days after the hatching, juvenile fish are moved to larger round or 
rectangular tanks (10-25 m3), where weaning takes place. The weaning stage is a truly 
intensive rearing system. Initial fry density is generally 10-20 fish/l with temperature of 
18°C and salinity of 35-37‰. Their final density can reach 20 kg/m³ corresponding to 
2-3 g/fish. Feed is presented at 2-hour intervals from 08.00 to 20.00, using increasing 
percentages of artificial feeds composed of 150-300 µm particles. Initially, dry feed 
should be presented at about 20 g/m³ (www.fao.org). Subsequently, juvenile fish are 
generally moved to outdoor raceways. 
 
1.10 Nutrition in aquaculture 
Farmed marine fishes involve considerations concerning their feeding. There are many 
aspects to take in account that include direct effects of feeding rates and diet 
composition on fish growth and their health. Fish feed preparation require processing 
methods that provide special physical properties to facilitate alimentation in water, and 
variation in feeding behavior requires special feeding regimens for various species. 
An important concern is also the effect of diet composition and feeding practice on the 
quality of the effluent from the culture system (Cho et al., 1993). In fact, feed is the 
main exogenous input into the aquaculture system, and the quantity of feed required is, 





these feeds, large volumes of natural raw materials are needed (IUCN, 2007). 
Today large quantities of small pelagic fish such as sardines and anchovies are caught to 
produce fishmeal and fish oil: 27% of fishmeal is used to produce food for livestock 
use. Although only 15% of this 27% is used to produce feed for aquaculture, it is 
necessary to consider that in feeding carnivorous fish species protein amounts ranging 
from 40 to 60% are employed (about 8-10 time higher than those utilized for chickens 
or pigs). Different options are being studied to overcome this limitation, such as 
research of alternative protein sources of vegetable origin, utilization of cheap protein 
meal, derivate from resources considered waste for human food. At present, fish feeding 
is the variable that most affects costs and performances of the companies. The budget 
for purchasing food is estimated equal, if not more than 50%, of the total cost 
production. In addition, it is worth mentioning the problem of pollutants in food webs 
(e.g., persistent chlorinated hydrocarbons, metals and other toxic compounds, dioxins) 
and the consequent risk of fishmeal contamination. Under these conditions, in marine 
aquaculture the use of vegetable protein will probably constitute a necessary choice in 
the future (Cataudella & Bronzi, 2001). 
 
1.10.1 Uses of fishmeal and fish oil 
As earlier mentioned, the rapid growth of aquaculture sector has led to an increasing 
demand for fishmeal and fish oil, especially to feed carnivorous species at the expense 
of terrestrial livestock feeds (Asknes et al., 1997; Watanabe, 2002; Tacon, 2004; Pike, 
2005; Shepherd et al., 2005; Tacon & Metian, 2008; Hardy, 2010). 
The choice of farmed species has its own importance. The interest of producers is 
mainly focused on the carnivorous ones that need feed with a high content of animal 
protein, derived almost exclusively from fishmeal. Thus, the farming of many species 
such as seabass or gilthead seabream, or new species such as amberjack and tuna, can 
result in a net loss of protein. For the 10 types of fish most commonly farmed, an 
average of 1.9 kg of wild fish is required for every kilogram of fish raised on compound 
feeds, whereas carnivorous species require 2.5÷5 times fish biomass to reach the same 
amount (Naylor et al., 2000). This makes the production process essentially negative for 
marine resources, and puts what is now called the “fish-meal dilemma”. 
Over the past 20 years, the average of global annual production of fishmeal and fish oil 
was 6.5 and 1.3 million metric tonnes (mmt), respectively, corresponding approximately 





years production was higher and in others lower. The major capture fisheries landings 
are located off the coasts of Peru and Chile, and also in the North Atlantic, North Sea, 
and Baltic Sea. 
Pike (2005) estimated that 6.2 million tons of fishmeal and 975 thousand tons of fish oil 
were produced globally in 2002. Based upon those estimates of total global production, 
the same Author calculated that the aquaculture sector consumed 46% of the fishmeal 
and 81% of the fish oil produced in 2002. By 2012, the percentage of fishmeal 
consumed by the aquaculture sector will be 50%, and the percentage of fish oil 
comprising aquafeeds will be 88%. These assessments are based on a forecast of global 
fishmeal (6.0 million tons) and fish oil (1.1 million tons) production in 2012 (Pike, 
2005). 
Historically, global fishmeal and fish oil production has averaged 6 mmt and 1.2 mmt, 
respectively, and this level of production is expected to increase in the future. In 2006, 
27% of the fishmeal employed in aquafeed sector went into feeds for marine shrimp. 
Overall, 45% of the fishmeal used in aquafeeds in 2006 was used in feeds for 
carnivorous fish species such as salmon, trout, seabass, gilthead seabream, yellowtail 
and other species. Surprisingly, 21% was used in feeds for fry and fingerling carp, 
tilapia, catfish and other omnivorous species. The situation about fish oil was even more 
dramatic: in 2006, 88.5% of fish oil production was used in aquafeeds (835,000 mt). 
The leading consumer of fish oil in 2006 was salmon feeds, utilizing 38% of its global 
production. Marine fish, trout and marine shrimp feeds used much of the remaining fish 
oil (Hardy, 2010). 
 
1.10.2 Future trends in fishmeal and fish oil consumption 
Consumption of fishmeal and fish oil by the aquaculture sector will show an increasing 
trend in the future. Since feed costs represent 40-70% of total production costs, 
depending on the species, producers are sensitive to rising prices of fishmeal and fish oil 
(Tacon, 2004; Anderson, 2003; Guttormsen, 2002). 
The challenge is to identify lower cost substitutes for these two products while still 
maintaining both the quality and the quantity of production achieved. The inclusion of 
these ingredients in fish diets is not an arbitrary decision of producers and feed 
manufacturers. Fishmeal is an excellent source of high quality proteins and long chain 
omega-3 fatty acids, including EPA (eicosapentaenoic acid) and DHA 





form. Across all animals, the use of fishmeal has led to increases in growth rates, 
improvements in feed conversion ratios, lower allergic reactions, and improvements in 
diseases resistance. The consumption of omega-3 fatty acids is also beneficial to 
humans, especially with regard to cardiovascular health (Connor, 2000; Kris-Etherton et 
al., 2002; Seierstad et al., 2005). 
One solution to optimize and reduce fishing for animal feed, as well as to obtain 
proteins from alternative sources, is the use of fish bycatch. Recently, FAO estimated 
the global bycatch and found that, based on global data over the last decade, the average 
amount of fish thrown back into the sea was 7.3 mmt (Kelleher, 2005). This is a 
reduction in the estimate made back in 1994, which evaluated the global annual average 
fish discards in around 27 million metric tons (Alverson et al., 1994). Instead of being 
discarded at sea, bycatch could be redirected into the production of fish meal and fish 
oil, increasing thus current supplies. As the same way, the fish byproducts processing, 
mainly the excess trimmings and wastes, could be directed for this purpose. 
 
1.11 Commercial-diet ingredients 
The ingredients used in commercial fish diets can be considered as sources of proteins 
(amino acids), energy, essential fatty acid (EFA), vitamins, and minerals. Special 
ingredients may be used to improve growth, pigmentation, or sexual development of 
reared fish and to prepare diets having the required physical, palatability, and 
preservation properties (Cho et al., 1993). 
Fishmeal prepared from whole fish is one of the highest-quality protein sources usually 
available. It is also a rich source of energy, EFAs, minerals and is highly digestible and 
palatable for majority of fish. On the other hand, fishmeal made from fish parts, such as 
waste from fish processing and canning plants, has a lower percentage of high-quality 
proteins. It is also high in ash content and should be used prudently in fish diets as it can 
produce mineral imbalances. Other protein sources are animal by-products, such as 
meat and bone meal and poultry by-product meal, that can contain about 45-55% of 
crude protein. 
The quality of the protein in these by-products is lesser than that of whole fishmeal, and 
the ash content is usually higher because a significant amount of the material comes 
from bone and other non-muscle tissues. Flesh or spray-dried blood meal is rich in 






The main ingredients used in fish diets should be regularly analyzed for proximate 
composition and for selected nutrients, such as limiting amino acids (usually lysine and 
sulfur amino acids) or EFAs. Animal by-products that may contain protein from bone, 
feathers, or connective tissues should be subjected to in vitro enzyme assays for an 
estimate of protein digestibility. All feed ingredients should also be tested for 
mycotoxins before purchase, and periodic screening for pesticides and other 
contaminants are recommended. Standards may be established for some ingredients that 
vary considerably in quality and composition. Fish feeds should be processed into 
particulate forms (granules, pellets) for efficient consumption by the fish and to 
minimize waste released into the water. Most manufactured fish feed is processed by 
compression pelleting or extrusion; other manufactured forms include moist (or semi-
moist), microencapsulated, and micropulverized feeds (Hardy, 1989; Lovell, 1989). 
 
1.11.1 Protein and amino acids 
Requirement of proteins and amino acids in aquafeeds have been studied by several 
Authors (Halver & Tiews, 1979; Tacon & Cowey, 1985). Proteins represent a 
significant proportion of the diet of fish, between 36 and 55% (Tacon & Cowey, 1985), 
and can be variable according to the species and during the different phases of growth 
(Dabrowsky, 1977). Amino acids (AA) from diet occur in addition to those recycled 
from body proteins, subject to continuous turnover required for cell renewal, and 
together are used to synthesize new protein mass (growth) and other bioactive nitrogen 
compounds. Compared to chicken or pork, recycling AA from body tissues of fish are 
quantitatively smaller, making them highly dependent from diet to covering the protein 
requirements. Moreover, of the 20 AA constituting proteins some are not synthesizable 
by animals, so they must necessarily be supplied from feed (indispensable AA). The 
swallowed proteins are not completely used by fish to growth: from 5 to 15% is lost in 
feces while a part of absorbed AA is catabolized. 
As a general rule, it can say that carnivorous fish need a greater amount of proteins 
compared to the herbivorous ones, and among the same species smaller fish have a 
greater need of proteins compared to the bigger ones. Furthermore, a diet lacking in 
proteins can reduce the growth and causes loss of weight (Wilson & Halver, 1986). 
 
1.11.2 Protein feed ingredients 





palatability, preserved with appropriate industrial processes from fresh fish and free of 
contaminants,  the fishmeal represents the ideal protein source in feed for aquaculture. 
Various factors, including the increase of demand for this commodity, which is opposed 
to a limited availability, undermine the biological sustainability and the economic 
exploitation and push to a more current use of protein from alternative source. With the 
bovine spongiform encephalopathy (BSE) emergency and the prohibition to use protein-
rich feed obtained from terrestrial animal tissue, the only viable alternative is the 
employment of plant protein. Compared to fishmeal, however, this food shows some of 
the following limitations: lower protein content, low digestibility and palatability, poor 
amino acid profile and/or unbalanced, presence of antinutritional factors and, in some 
cases, of genetically modified organism (GMO) origin. Nevertheless, it was proven that 
some derived plant proteins, alone or in combination, can successfully replace 
significant amounts of fishmeal in feed for trout, seabass (Kaushik et al., 2004), 
seabream and eel (Cataudella & Bronzi, 2001). Soybean meal is universally available 
and has one of the best amino acid profiles of all protein-rich plant feedstuffs for 
meeting most of the essential amino acid requirements of fish (Mohsen, 1989). 
 
1.11.3 Lipids and energy 
Lipids are important sources of energy and essential fatty acids (EFAs) necessary both 
for growth and development of fish. They also contribute to the absorption of fat-
soluble vitamins. 
From the perspective of biochemistry, lipids are mixtures composed by fats, oils, some 
vitamins and hormones, and by most of the non-protein substances present in cellular 
membranes. The common component to all different fractions that forming lipids is the 
fatty acid. Similar to other vertebrates, some fatty acids in fish are essential or rather can 
not be synthesized by the animal. However, only a very prolonged dietary deficiency of 
EFAs leads to death of fish, while periodic shortages harm the productive and 
reproductive performances. 
At present, the replacement of fish oils with vegetable oils (Bransden et al., 2003; 
Caballero et al., 2004; Bell et al., 2005; Mourente & Bell, 2006; Richard et al., 2006; 
Benedito-Palos et al., 2007; Mourente et al., 2007; Piedecausa et al., 2007; Fountoulaki 
et al., 2009; Benedito-Palos et al., 2010), such as linseed oil (Piedecausa et al., 2007), 
palm oil (Ng et al., 2007), and rapeseed oil (Bell et al., 2003) can support the 





1.12 Biochemical and nutritional factors 
Fish is a valuable food from the nutritional standpoint, for its easy digestibility, high 
protein content with important biological value, minerals and vitamins, and for the 
particular composition of the lipid fraction. Digestibility is proportional to rate of lipids 
and also depends on the cooking mode. All things being equal, however, fish is more 
digestible than meat as it contains less connective tissue and is more thermo-weak, 
besides the muscle fibers are shorter and the contractile proteins are more sensitive to 
denaturation and proteolysis (Cappelli & Vannucchi, 2002). 
The nutritional properties, represented by the contribution and bioavailability of macro 
and micronutrients of significant biological and dietetic value, are the most important in 
defining the quality and those that arouse greater interest among consumers increasingly 
attentive to a proper and balanced diet. Information on nutritional properties, shelf life 
and the ability to diversify production with marketing of filleted, processed, salted, 
pickled, can contribute to confer added value at any fish products, with positive 
consequences both for natural resource and sector operators, increasing the 
sustainability of fisheries. 
Among the quality attributes of a fish product, nutritional characteristics hold certainly a 
central role. They depend on the chemical composition of meat and on presence, 
proportion, and bioavailability of chemical components to functional significance, 
supplementary, protective or also a risk for consumer health (Sargent et al., 1989; 
Ackman, 1995; Valfré et al., 2003; Cahu et al., 2004; Yildiz, 2008). The nutritional 
profile is defined primarily by the macronutrient content in meat fish, such as proteins, 
lipids and carbohydrates (Vergara et al., 1999; Santinha et al.,1999; Aragão et al., 2004; 
Testi et al., 2006; Grigorakis, 2007; Yildiz et al., 2008; Fuentes et al., 2010). These 
components are subject to change due to the availability of food, intense swimming 
activity during migration and metabolic changes typical of fish during their breeding 
season (Fernandez-Palacios et al., 1995; Medina et al., 1995; Izquierdo et al., 2001; 
Lupatsch et al., 2003). 
 
1.12.1 Tissue water content 
As in meat, the tissue water content in fish is the main component and, together with the 
lipid content, is affected by changes that depend on the physiological status, diet, and 
from environmental variables (Morris, 2001). Generally, the water content percentage 





Vannucchi, 2002) and tends to vary inversely with the amount of lipids (Jobling et al., 
1998). The increase in tissue water, parallel with the reduction of fat, causing changes in 
consistency, elasticity and texture of meat, may affect the appearance of fish products 
and thus their overall quality (Torrisen et al., 2001). 
 
1.12.2 Protein content 
Proteins in fish muscle have a high biological value, because they are rich in essential 
amino acids for humans (Aragão et al., 2004; Dabrowski et al., 2010; Fuentes et al., 
2010). Among these it can be distinguished those sarcoplasmic, myofibrillar and 
stromal. Sarcoplasmic ones, including mainly albumin and proteins with enzymatic 
function, constitute about 26-30% of fish muscle proteins and are particularly high in 
pelagic species than in demersal. Those myofibrillar (actin, myosin, actomyosin, 
tropomyosin) constitute the majority of intracellular proteins and represent from 40 to 
65% of crude protein (Carpenè et al., 1998). These are the proteins that differ mainly in 
rigor mortis and during the long-term freezing, and those which give at fish some 
properties like consistency and texture of meat, fundamental in defining the quality of 
both fresh fish and those processed too (Shahidi, 1995). Finally stromal proteins are 
those of support or extracellular, insoluble in salt solutions, forming membranes and 
tendons, and present in fish muscle with a percentage variable from 0.2 to 3%. 
As already said, proteins from plants can be introduced in the diet of cultured fish 
(Sitjà-Bobadilla et al., 2005; De Francesco et al., 2007; Benedito-Palos et al., 2008; 
Hardy, 2010), such as corn gluten meal (Pereira & Oliva-Teles, 2003), soybean meal 
(Kalogeropoulos et al,. 1992; Kaushik et al., 1995; Nengas et al., 1996; Martínez-
Llorens et al., 2007), or lupin seed meal that can replace up to 30% fishmeal protein 
without negative effects on growth performance. 
 
1.12.3 Ash content 
In fish, ash content is subject to variations in relation to the physiology and ecology of 
species. Under nutritional stress conditions or dismetabolic diseases leading to a 
deficient minerals, ash are susceptible to a reduction in their tissue content (Morris, 
2001). An unbalanced diet can lead to a shortage in fish, especially in farmed ones 
where a correct proportion of minerals is essential for growth (Orban et al., 2002). 
Conversely, excess of ash in the diets may determine a reduction of energy available, 





1.12.4 Mineral content 
Aquatic organisms absorb minerals from diet and surrounding water (via their gills and 
skin) and deposit them in their skeletal tissues and organs (Lall, 2002; Yildiz, 2008). 
Essential minerals for fish are about 20 and can be classified into macro elements (i.e., 
Ca, P, K, Mg, Na, K, Cl) and micro elements (i.e., Fe, Zn, Mn, Co, Cu, I, Se). 
Fish muscle is a good source of essential minerals (Bodsha & Sainsbyry, 1978; Farmer 
et al., 1979; Lall, 1995; Fuentes et al., 2010) so, on the whole, total mineral content in 
fish and marine invertebrates ranges from 0.6 to 1.5% of live weight. The composition 
of commercial feed for fish rearing influences the mineral content of their flesh (Flos et 
al., 1989; Asknes et al., 1997; Berntssen et al., 1999; Storebakken et al., 2000; Vangen 
& Hemre, 2003; Ye et al., 2006; Yildiz, 2008). Nevertheless, mineral content is 
influenced by size and sexual maturity of fish, environment, season, and also by 
sampling procedures and analyses techniques used (Shearer, 1994; Lall, 1995; 
Watanabe et al., 1997; Hernandez et al., 2003; Yamashita et al., 2006). Moreover, wide 
variations in the reported values of mineral concentrations in the same fish species have 
been observed (Alasalvar et al., 2002; González et al., 2006; Roy & Lall, 2006; Yildiz, 
2008; Fuentes et al., 2010). 
Minerals are required for the normal life processes, and all animals, including fish, need 
these inorganic elements. Characteristics concentrations and functional forms of 
minerals need to be maintained within narrow ranges for ordinary metabolic activities in 
cells and tissues. This is facilitated by the homeostatic mechanisms operating in the 
animal, meeting the needs of fluctuations in dietary intake. In general, minerals are 
responsible for skeletal formation, maintenance of colloidal systems, regulation of acid-
base equilibrium and for biologically important compounds such as hormones and 
enzymes. Their possible deficiencies can cause biochemical, structural and functional 
pathologies which depend on several factors, including the duration and degree of 
mineral lack (Watanabe et al., 1997). 
The biological availability of minerals from the diet is dependent on the efficiency with 
which the body uses them and its fluctuations are correlated with feed and composition 
of diet. Indeed, there are several factors that influence this bioavailability, as: level and 
form of the nutrient, particle size and digestibility. 
Among these factors, those related to the chemical state are important since the element 
may assume different molecular forms, valence states and ligands when ingested to 





In teleost fish, as in other vertebrates, calcium (Ca) is important for numerous 
physiological processes. The skeleton of vertebrates consists mainly of calcium 
phosphate and calcium carbonate. It plays an important role to determine body shape, to 
protective aspects (i.e., scales, bones, plates) and as a buffer internal reservoir for 
calcium and phosphorus (Abbink et al., 2004). About 99% of the whole-body calcium 
fraction is incorporated into bones and scales. Indeed, calcium is also of major 
importance for many other physiological processes, such as vision, muscle contraction, 
vitellogenesis, signal transduction, blood coagulation and membrane permeability 
(Riccardi, 1999). 
Unlike terrestrial vertebrates, which have their calcium source exclusively in the diet, 
fish live in an environment that is a source of calcium: seawater, in fact, is characterized 
by a calcium concentration of about 10·mmol·l-1. On the contrary, total plasma calcium 
concentration of marine fish ranges from 2 to 3·mmol·l-1; thus marine fish live in a 
hypercalcic environment. As calcium availability varies in the environment, fish have 
developed calcium regulatory systems that can react rapidly to changes in 
environmental calcium concentrations (Bjornsson et al., 1999). 
The intensive culture of fish can lead to a high number of morphological malformations, 
which typically result in growth arrest, increased stress sensitivity and an increased 
incidence of outbreaks disease (Andrades et al., 1996; Carrillo et al., 2001). Thus, the 
improvement of understanding calcium needs is of fundamental importance to improve 
a correct development and growth of fish in aquaculture settings (Ogino & Takeda, 
1978). 
From a quantitative point of view, phosphorous (P) is the major mineral in fish nutrition 
(Ogino et al., 1979). It is an essential nutrient for normal metabolism and growth, and it 
must be supplied with the diet (Ketola, 1975). Available data for different species of 
teleost or crustaceans show that phosphorous dietary supply should be between 0.4 and 
0.9% of the diet. 
The availability of phosphorous from feed ingredients varies between species, 
depending upon the presence or absence of gastric digestion. Once the requirements are 
satisfied, a major portion of absorbed phosphorous is released through urinary 
excretion. Current knowledge on phosphorous flow in fish is rather limited and there is 
also a need for a greater understanding of its role in regulation skeletal tissue formation. 
Furthermore, excessive content of P in diet increases the concentration of phosphate in 





Therefore, from the environmental standpoint, given the potential adverse effects of 
phosphorous excess in promoting eutrophication of water bodies, there is more than 
ever, a serious need to optimizing dietary supply, improving availability and decreasing 
excess effluent discharge into the aquatic environment (Kaushik, 2005). 
Magnesium (Mg) is closely associated with calcium and phosphorus in both its 
distribution and its metabolism. The bulk of magnesium in fish is stored in the skeleton. 
It constitutes a little over 0.6% of the ash content of bones compared with 30% for 
calcium and 15% for phosphorus. The remaining 40% of the body’s magnesium is 
distributed throughout the organs and muscle tissues (where it plays vital roles as 
enzyme co-factors, and as an important structural component of cell membranes) and in 
extracellular fluids. Fish are capable of extracting magnesium from the surrounding 
environment, although studies with the common carp showed that, in this species, gill 
extraction of this element is very limited. Due to the low concentrations of mineral 
elements in freshwater, non-marine fish appear to depend upon dietary sources to meet 
their requirement magnesium. In the common carp and in the rainbow trout, for 
example, dietary magnesium levels do not affect calcium and phosphorus composition 
in the whole body or skeleton. The symptoms of magnesium deficiency in these 2 fish 
species are very similar to those described for magnesium deficient in land animals: loss 
of appetite, poor growth, sluggishness, and convulsion with mortality that is often high. 
Histological changes have also been observed in muscle, pyloric caeca and gill 
filaments of fish fed magnesium-deficient diets. Even though natural waters are a good 
source of dissolved magnesium, fish do not extract this mineral element in adequate 
quantities to meet dietary needs. Natural foods, as well as most artificial feed 
ingredients of both animal and vegetable origin, are adequate sources and deficiency 
under ordinary rearing conditions has not been observed to date (www.fao.org). 
Sodium (Na), potassium (K), and chlorine (Cl) are the most abundant electrolytes in the 
body. Sodium and chlorine are the main cation and anion, respectively, in the 
extracellular fluid of the body, whereas, potassium is the principal intracellular 
monovalent cation. Chloride ion is the major anion of gastric juice and blood. The 
deficiency signs of these elements are difficult to produce because fish readily absorb 
these elements from the surrounding aquatic environment. 
The amount of these elements in common feed used in fish diets revealed that they need 
not be supplemented in most natural ingredient diets. Nevertheless, potassium 





Juvenile chinook salmon reared in freshwater, indeed, required 0.8% potassium in their 
diet for maximum growth, and the whole-body potassium saturation is reached at a 
potassium concentration between 0.6 and 1.2% of the diet (Shearer, 1988). By contrast, 
red seabream reared in seawater (where potassium concentration is much higher) does 
not require a dietary potassium supplement (Sakamoto & Yone, 1978a). The main signs 
of potassium deficiency in chinook salmon include anorexia, convulsions, tetany, and 
also death (Shearer, 1988). 
Supplements of 1 to 4% of sodium chloride in natural ingredient diets had not beneficial 
effect on growth of rainbow trout (Salman & Eddy, 1988), coho salmon (Zaugg & 
McLain, 1969), Atlantic salmon (Basulto, 1976), channel catfish (Murray & Andrews, 
1979), and red seabream (Sakamoto & Yone, 1978a). However, higher supplements of 
salt adversely affected growth and feed efficiency of coho salmon and rainbow trout 
(Zaugg & McLain, 1969; Salman & Eddy, 1988). Atlantic salmon and coho salmon fed 
salt-enriched diets adapted well to seawater, with few mortalities (Zaugg & McLain, 
1969; Basulto, 1976). 
Iron (Fe) has an active role in oxidation/reduction reactions and electron transport 
associated with cellular respiration. It is found in complexes bound to proteins such as 
haem, in enzymes such as microsomal cytochromes, catalase, etc., and also in non-haem 
compounds such as transferrin, ferritin and flavin iron enzymes (Standal et al., 1999). 
The iron content of fish is very low if compared to that of mammals (Van Dijk et al., 
1975). Information on absorption and metabolism of iron in fish is very limited, but the 
process is generally the same as in other vertebrates. The gill membrane absorbs iron to 
a certain extent, but the intestinal mucosa is considered to be the major site. Deficiency 
of iron induces anaemia in brook trout (Kawatsu, 1972), yellowtail (Ikeda et al., 1973), 
red seabream (Sakamoto & Yone, 1978b) and carp (Sakamoto & Yone, 1978c). 
Copper (Cu) is important for animals as it is involved in the activity of enzymes such as 
cytochrome oxidase, superoxide dismutase, lysyl oxidase, dopamine hydroxylase and 
tyrosinase. Furthermore, copper-proteins and chelates also play metabolic roles. One of 
the few investigations on copper metabolism in fish revealed similarities to mammals in 
the distribution of copper and copper-dependent enzymes (Syed & Coombs, 1982). 
Copper levels are high in fish eyes, where this mineral element is found along with 
melanins, bound to protein. Organs such as liver, brain and heart also contain 
comparatively large amounts of copper. A copper-protein complex, ceruloplasmin, 





Most feeds and the aquatic environment usually contain copper in adequate amounts for 
fish (Mount et al., 1994). The requirement for this mineral element depends to a great 
extent on the physiological state of the animals, on its content in the water (Carpenè et 
al., 1990; Blanchard & Grosell, 2005), and on the levels of zinc, iron, cadmium and 
molybdenum, which are metabolic antagonists of copper (Watanabe et al., 1997). 
In general, manganese (Mn) is an important element, widely distributed in fish and 
animal tissues (Lorentzen et al., 1996; Watanabe et al., 1997). The mitochondria have a 
higher concentration of manganese than cytoplasm or other cell organelles. Manganese 
is necessary for the normal functioning of brain and for proper lipid and carbohydrate 
metabolism. This mineral element has 2 roles: as a cofactor for enzymes which form 
metal-enzyme complexes and as an integral part of metalloenzymes. Manganese 
activates specific enzymes such as glycosyltransferase and non-specific enzymes such 
as kinases, transferases, hydrolases and decarboxylases. The activation of leucine 
aminopeptidase by manganese has been observed in sole (Clark et al., 1987). An 
insufficient supply of manganese usually results in retardation of growth. Ogino and 
Yang (1980) obtained poor growth in rainbow trout and carp when the diets were low in 
manganese. When young tilapia were deprived of manganese, reduced food intake, loss 
of equilibrium, depressed growth and increased mortality were observed (Ishac & 
Dollar, 1968). A reduction in skeletal manganese content has been noted corresponding 
to inadequate dietary supply of that mineral (Satoh et al., 1983). Knox et al. (1981) 
found that, when the manganese intake was low in rainbow trout, the copper-zinc 
superoxide dismutase and manganese superoxide dismutase activities in cardiac muscle 
and liver were reduced. The eggs produced by broodstock of brook trout and rainbow 
trout fed fishmeal diets lacking manganese contained only low levels of this element, 
and subsequently hatchability was poor (Takeuchi et al., 1981; Lall, 1989). 
Srivastava and Agrawal (1983) have demonstrated the uptake of waterborne manganese, 
but the mineral is better absorbed via dietary mode. Finally, high levels of dietary 
calcium and phosphorus considerably reduce the absorption of manganese (Watanabe et 
al., 1997). 
Zinc (Zn) is an important trace element in fish nutrition as it is involved in various 
metabolic pathways. It serves as a specific cofactor of several enzymes, and it is an 
integral part of about 20 metal-enzymes such as alkaline phosphatase, alcohol 
dehydrogenase and carbonic anhydrase (Watanabe et al., 1997). This mineral is 





nucleoproteins. A research carried out by Chesters (1991) on zinc-gene interactions has 
assigned a basic role for this element in controlling growth. Fish can derive zinc from 
dietary sources as well as from the aquatic medium (Bradley & Sprague, 1985; Carpenè 
et al., 1990). The gills and gastrointestinal tract are involved in the uptake of this 
mineral element. Relatively low levels of waterborne zinc (less than 1 mg Zn l-1) are 
toxic to fish. Comparing the contributions of dietary and waterborne zinc in rainbow 
trout, Spray et al. (1988) noted that uptake of zinc from water took place mainly 
through the gills, irrespective of dietary intake. It is possible to limit dietary zinc 
deficiency to a certain extent by increasing the zinc concentration in water. Zinc 
homeostasis is maintained in fish by regulating the excretory mechanisms and 
controlling gastrointestinal uptake (Watanabe et al., 1997). 
 
1.12.5 Lipid content 
Lipids are important components of the edible part of fish and can vary between 0.5 and 
22% (Cappelli & Vannucchi, 2002). The typical fatty acid composition of marine fish 
flash results from the fatty acid composition of the phytoplankton. In fact, these fatty 
acids reach the fish via the food web (Sargent & Henderson, 1980). 
Lipids have been the first option utilized in the partial substitution of protein to produce 
energy. In fact, besides being a fundamental source of essential fatty acids and transport 
for fat-soluble vitamins and micronutrients, they are easily digested and metabolized by 
fish (Cowey & Sargent, 1977; Watanabe, 1982; Sheridan, 1988; Kaushik, 1990; Sargent 
et al., 1999; Caballero et al., 2002; Sargent et al., 2002; Tocher, 2003; Morais et al., 
2006; Richard et al., 2006; Tocher et al., 2008). In addition to the energetic role, they 
play an important structural function carrying vitamins and cholesterol, and are also 
precursors of important biologically active compounds (Tocher, 2003; Tocher, 2010). 
The lipid content in fish tissues is strictly species-specific and depends on many factors 
related to biology and ecology of the species (Hearn et al., 1987; Abrami et al., 1992; 
Ackman, 1995; Tocher, 2010). The lipid component of tissue is also directly affected by 
diet and therefore lipids are the constituents subject to greater variability in the raw 
percentage composition (Shearer, 1994; Asknes et al., 1997; Pérez et al., 1997; Farndale 
et al., 1999; Lie, 2001; Robin & Vincent, 2003; Morais et al., 2006; Yildiz et al., 2006; 
Tocher, 2010). 
Phospholipids, as components of biological membranes, are also defined structural 





Triglycerides are the main form of fat storage which are differently distributed across 
the muscle structure (Carpenè et al., 1998). 
Some studies have shown that the total lipid content in fish may increase with 
increasing size (Kiessling et al., 1991; Kiessling et al., 2001). In stable conditions, 
growth is related to diet and age, and changes in the level of feeding can influence this 
balance (Kiessling et al., 1991; Vergara et al., 1999; Orban et al., 2002). In the same 
species, wild specimens, because of the variability of diet and environmental conditions, 
show greater variation in lipid tissue composition than those reared (Abrami et al., 
1992; Delgado et al., 1994; Rueda et al., 1997; Rea et al., 2000; Rueda et al., 2001; 
Alasalvar  et al., 2002; Saglik et al., 2003; Yildiz et al., 2006; Grigorakis, 2007; 
Nasopoulou et al., 2007; Yildiz et al., 2008; Fuentes et al., 2010). 
In farmed fish, artificial diets provide a wide range of compounds, which not only 
determine fish growth rate (Asknes et al., 1997; Pérez et al., 1997; Borgut et al,. 1998; 
Bessonart et al., 1999; Santinha et al.,1999; Koven et al., 2001b; De Francesco et al., 
2007; Benedito-Palos et al., 2008) but also flesh composition, in particular the lipid 
content, which may be quantitatively and qualitatively modified (Flos et al., 1989; 
Farndale et al., 1999; Lie, 2001; Barrado et al., 2003; Izquierdo et al., 2003; Izquierdo 
et al., 2005; Grigorakis, 2007; Benedito-Palos et al., 2008; Yildiz et al., 2008; Roncarati 
et al., 2010). 
 
1.12.6 Fatty acids and their health benefits 
The dietary factors, believed to be linked with the incidence of coronary heart disease in 
humans, are reviewed in the light of evidence with regard to their functional role, either 
in protection or in promotion (Kris-Etherton et al., 2002; Leaf et al., 2003; Valfré et al., 
2003; Din et al., 2004). Lipids of marine fish species are generally characterized by low 
levels of linoleic acid (C18:2 n6) and linolenic acid (C18:3 n3) (Steffens, 1997), but are 
well known to be rich in long-chain n-3 polyunsaturated fatty acids (LC n-3 PUFA), 
especially eicosapentaenoic acid (EPA or C20:5 n3) and docosahexaenoic acid (DHA or 
C22:6 n3), with arachidonic acid (C20:4 n6) among n6 polyunsaturated fatty acids 
(Sargent et al., 1995; Connor, 2000; Valfré et al., 2003; Din et al., 2004). These fatty 
acids play a vital role in human nutrition, cardiovascular disease prevention and health 
promotion (Connor, 2000; Cahu et al., 2004; Din et al., 2004; Torrejon et al., 2007), 
besides being essential for growth fish (Kanazawa, 1985; Hearn et al., 1987; Henderson 






Fatty acid composition varies among species and it is influenced by diet and 
environmental factors such as salinity, temperature, season, etc. (Cordier et al., 2002; 
Orban et al., 2002; Ibarz et al., 2005; Özyurt et al., 2005; Özyurt & Polat, 2006; Skalli 
et al., 2006; Ferreira Pinto et al., 2007; Guler et al., 2007; Piedecausa et al., 2007; 
Senso et al., 2007; Hurtado-Rodríguez, et al., 2010). Carnivorous fish species, preying 
on other fish, have an high n3 PUFA content in their tissues (Henderson & Tocher, 
1987; Lubzens et al., 1989; Ackman, 1995). Cold water species have higher levels of n3 
PUFA compared to temperate ones, probably because a greater degree of unsaturation 
helps to maintain membranes flexibility (Castell, 1979; Hazel, 1984; Henderson & 
Tocher, 1987; Cahu et al., 2004). 
As previously mentioned, certain classes of fatty acids play a beneficial role in the 
human diet, while others are known as potential risk factors. In particular, among the 
saturated fatty acids (SFA) those that seem to have a direct effect on the increase in 
cholesterolaemia are the lauric acid (C12:0), myristic acid (C14:0) and palmitic acid 
(C16:0), but not short-chain saturated fatty acids (Bonanorme & Grundy, 1988; Ulbricht 
& Southgate, 1991). 
Monounsaturated fatty acids (MUFAs) such as oleic acid (C18:1 n9) show a protective 
role for human health, since diets rich in these components are proved equally effective 
in lowering rates of blood cholesterol as the polyunsaturated n3 series. In addition, n3 
highly unsaturated fatty acids (HUFAs) are involved, with arachidonic acid, in the 
synthesis process of prostaglandins, thromboxanes and leukotrienes (Connor, 2000; 
Kristensen et al., 2001; Calder, 2006). 
Recognition of the beneficial health effects of marine lipids has resulted in increased 
consumption of seafoods as such (Cahu et al., 2004), or their lipids as capsules (Kris-
Etherton et al., 2002). Marine lipids are obtained as the liver oil from lean fish, body oil 
from fatty fish, and blubber oil from marine mammals. Marine oils are a rich source of 
n3 fatty acids with potential nutritional and health benefits in the prevention and 
possible treatment of cardiovascular diseases (CVD), arthritis, autoimmune diseases and 
cancer (Connor, 2000; Kristensen et al., 2001; Cahu et al., 2004; Din et al., 2004; 
Torrejon et al., 2007; Nair & Connolly, 2008). 
The western diet contains high levels of n6 and low levels of n3 PUFAs with a n6/n3 
ratio of 10:1, which is considered to be an unbalanced diet, while it should be 6:1 to be 





disease. General recommendation for daily intakes of DHA/EPA is 0.5 g for infants and 
1 g/day for adults and patients with heart disease (Kris-Etherton et al., 2002). 
 
1.13 Aim of the study 
While compositional and organoleptic differences between wild and reared fish are 
largely reported in the literature (Børresen, 1992; Nettleton & Exler, 1992; Alasalvar et 
al., 2002; Grigorakis, 2007; Mnari et al., 2007; Fuentes et al., 2010), little information 
is available on the influence of different rearing techniques on the quality attributes of 
fish products (Roncarati et al., 2010). 
The aim of this work was to study the quality traits of gilthead seabream (Sparus 
aurata) specimens from 2 different aquaculture systems and to compare them with fish 
of wild origin. This was done in order to check if nutritional value and biochemical 
composition of the seabreams are affected by the rearing conditions and in what 






2 Materials and methods 
2.1 Description of the species studied 
2.1.1 Classification 
− Order: Perciformes 
− Family: Sparidae 
− Genus: Sparus 
− Species: Sparus aurata 
− Inglish name: gilthead seabream 
 
2.1.2 Morfology 
The Mediterranean gilthead seabream (Sparus aurata Linnaeus, 1758; Fig. 2.1) belongs 




Fig. 2.1. The gilthead seabream (Sparus aurata Linnaeus, 1758). 
 
The head profile is convex with small eyes. The cheek region is covered with scales, 
while the pre-opercular bone results scaleless. The mouth has the mandible shorter than 
the maxilla; both jaws shows canine (4-6) and molars teeth, 2-4 series in the upper jaw 
and 3-4 series, of which 1-2 are notably bigger, in the lower jaw (Fig. 2.2). The gill 
rakers are short, 11-13 on the first branchial arch and 7-8 on the lower part. The lateral 
line has 75-85 scales until to caudal fin base. The dorsal fin has 11 hard rays (dorsal 
spines) and 13-14 soft rays; the anal fin has 3 hard and 11-12 soft rays; the pectoral fins 
are long and pointed while the ventral fins are shorter; the caudal fin has pointed lobes. 
The color of the gilthead seabream is silver-gray with a large black spot on the gill 
cover at the beginning of lateral line, overlapping the upper part of operculum and 





eyes, not well defined in young specimens but evident in the adult ones (Fig. 2.3). This 
species has a longitudinal black line in the middle of the dorsal fin and the caudal fin is 








Fig. 2.3. Black and gold band in Sparus aurata head. 
 
2.1.3 Geographic distribution 
The gilthead seabream is common throughout the Mediterranean Sea although it is less 
frequent in the eastern part of the basin. This species is present along the eastern shores 
of the Atlantic from Great Britain to Senegal and rare in the Black Sea (Fig. 2.4) 
(Bauchot & Hureau, 1986; www.fishbase.org). 
 
2.1.4 Biology and ecology 
In the open sea, the gilthead seabream usually can be found on rocky reeefs and 





bottoms as well as in the surf zone. It is common to depths of about 30 m, but adults 
may occur up to 150 m depth. 
This is a sedentary fish, either solitary or in small aggregations (younger). Due to its 
euryhaline and eurythermal habits, this species is found in both marine and brackish 
water habitats such as coastal lagoons and estuarine areas, especially during the initial 
stages of its life cycle. 
Born in the open sea during the wintertime (October-December), juveniles typically 
migrate in early spring towards protected coastal waters (i.e., lagoons and ponds), where 
they can find abundant trophic resources and milder temperatures (trophic migration). 
Very sensitive to low temperatures (lower lethal limit is 4°C), in late autumn gilthead 
seabreams return to the open sea, where adult specimens breed. Mainly carnivorous, this 
fish feeds on shellfish (including mussels and oysters), crustaceans, worms, 
echinoderms and various other invertebrates. When food is scarce, this species may 




Fig. 2.4. Geographic distribution of Sparus aurata (from www.fishbase.org). 
 
2.1.5 Reproduction 
The gilthead seabream is a protandric hermaphrodite, with a breeding season from 
October to December within a range of temperatures from 14 to 16°C (Bini, 1968). 
During the first 2 years of life (20-30 cm) it is therefore a functional male and when it 
exceeds the size of about 30 centimeters becomes female (Bauchot & Hureau, 1986). 





to 4 months. 
After laying, the eggs are spherical and transparent, with a diameter slightly less than 1 
millimeter and a large single drop of oil (Moretti et al., 1999) which allows them to be 
transported as plankton by marine currents. 
Newly hatched larvae are microscopic and half their size is made up of the yolk sac that 
nourishes them. This sac contains a wide range of nutritional reserves: proteins, amino 
acids, glycogens and phospholipids. 
Gilthead seabream larvae generally deplete their yolk sacs after 3-4 days of endogenous 
feeding; at this stage, the eyes are pigmented and the mouth developed, allowing to prey 
on larval organisms (www.fao.org; Fig. 2.5). 
 
 
Fig. 2.5. Gilthead seabream larval stages. 
 
2.1.6 Captivity reproduction 
Although in the past Sparus aurata broodstock used for artificial reproduction came 
from natural habitat, nowadays seabream eggs are most often obtained from fish 
artificially reared. 
It is essential to monitor the number of males and females during each spawning season, 
because this hermaphroditic fish changes sex during its lifetime. In captivity, sex 
reversal is conditioned by social and hormonal factors (www.fao.org). Adult fish are 
prepared for spawning through photoperiod (i.e., controlling the length of daylight) and 
thermoperiod manipulation. The male fertilizes the female’s eggs, which float on the 
water’s surface. They are then collected and transported to incubation tanks, where they 





2.1.7 Production costs 
Production costs for 2 g juveniles in Italy vary from € 0.10-0.18/fish, depending on the 
fattening system. Costs for 5 g fry are about € 0.26-0.28/fish. The rearing costs to 




Gilthead seabreams are consumed in “portions” and can be marketed in different sizes. 
They usually weigh between 400 and 600 g and are sold fresh, whole or eviscerated. 
The main markets are Italy and Spain, but this fish is increasingly prized in northern 
Europe. With existing markets starting to show signs of saturation, new processed 
products are being developed, including large specimens of more than 1 kg (for 
restaurants) and filleted or frozen products (ec.europa.eu). 
 
2.1.9 Market and trade 
As is the case with European seabass, the farming of gilthead seabream in the 
Mediterranean region is undergoing a transformation from being an industry of high 
margins and low volumes to one of low margins and high volumes. The rapid 
development of production in sea cages has led to declining prices; the ex-farm prices of 
both species decreased by approximately 60% between 1990 and 2000 and are still 
decreasing. 
Although gilthead seabream ex-farm prices began to decrease between 1990 and 1995, 
they were still sufficient to interest investors and guaranteed a reasonable profit for 
farmers until 1998. 
However, during the years 2000-2003, the price of farmed gilthead seabream collapsed. 
At present, the European market price is fluctuating around € 5.50/kg for the 350 g size 
and it is very difficult for farmers to make a fair profit. 
Thus, at the moment, market conditions seem very far from those that pertained in the 
first half of the 1990s, but there are a few marketing strategies for rearing gilthead 
seabream profitably. One of these is the economies of scale (farming a lot of fish to 
reduce unit production costs). Alternatively, small production systems can increase the 
value of the product by producing low quantities of higher quality fish (e.g., organic 






2.2 Origin of the gilthead seabream groups examined 
In this work, 90 gilthead seabream specimens from 3 different origins (30 fish per 
group) were examined: in particular, 2 of these groups were farmed in Sardinia (1 
intensively in an off-shore sea-cage farm and 1 extensively in a brackish lagoon), 
whereas the third group was caught from the wild in Sardinian waters. 
The activity began with a scrupulous search of the supply sources for the analyses. The 
first site chosen to sample 30 seabreams for the research was an intensive fish farming 
facility owned by “La Maricoltura Alghero” company in the Alghero Bay (North-
western Sardinia). 
The second site chosen to take the seabreams from an extensive farming was the 
Tortolì’s lagoon (Central-eastern Sardinia) managed by the “Cooperativa Pescatori 
Tortolì”. Finally, the group of wild seabreams was caught by professional fishermen 
within the Gulf of Asinara (North-western Sardinia). 
All the gilthead seabream specimens analyzed were collected during the winter season 
(2008-2009 for cultured fish and 2009-2010 for wild fish). 
 
2.2.1 Intensively-reared gilthead seabreams 
The first group of fish analyzed was reared in floating cages at the off-shore fish 
farming facilities of “La Maricoltura Alghero”. This plant is located in the Alghero Bay 
(North-western Sardinia) at a distance of about 1 nautical mile from the coastline 
(Latitude 40°33’43.9’’N, Longitude 8°16’09.0’’E; Fig. 2.6). 
 
 





It covers a quadrilateral area of about 2.15 hectares (215×100 m) on a muddy/sandy 
bottom located at a depth of approximately 38 m where, during the sampling period, 
only gilthead seabream specimens (Sparus aurata) were reared in 5 round “tension-
legs” cages (REFA®) of 600 m3 and 4 round “tension-legs” cages (REFA®) of 2,200 m3. 
Fish density ranged from 0.4 to 20 kg m-3 and the provided daily feed ratio was 
estimated to be 40÷190 kg cage-1 with a total daily average of 98 kg cage-1 (Brambilla et 
al., 2007; Sarà et al., 2007). 
The location of the above-mentioned facilities was determined according to the criteria 
set by the Autonomous Region of Sardinia to ensure the protection of Posidonia 
oceanica seagrass meadows (that are very abundant all around the coast of Sardinia, 
particularly inside the Alghero Bay; Scardi et al., 2006), and to keep a reasonable 
distance from a coastal area of major importance for Sardinian tourism. 
Furthermore, in order to reduce the effects of local prevalent winds (which mainly blow 
from western to eastern quarters) on the coastline, the fish farm had an East-West 
orientation. 
From a technological point of view, the facilities consisted of semisubmerged cages 
“TLC” (Tension Leg Cage with tension stays) REFA structured as conventional cages 
overturned, with the parts most vulnerable to wave (modules moorings, floats, core 
network) placed at depth to minimize stress (Fig. 2.7). 
In detail, 5 of these cages were of the “REFA TLC 600 P” type (volume 600 m3 each), 
and served for the seeding of juveniles (Fig. 2.8). There were 4 other cages of the 
“REFA TLC 2200 M” type (with a capacity of about 2,200 m3 each), which were used to 
feed fish up to commercial size. 
The “Tension Leg Cage” (TLC) concept is based on the dispersion of wave energy in 
the sea. 
With increasing depth the waves are sequentially filtered; the sea is virtually calm at a 
depth corresponding to half the wavelength. The “TLC” cage is flexible and small in the 
upper section where the waves hit hardest, while its supporting structure is positioned at 
depth. In storm conditions, the cage does not oppose the marine forces, but moves in 
synergy with the waves almost like seaweed, thus minimizing the strains on all cage 
components (Fig. 2.9). 
With conventional cages, the buoyancy is concentrated at the surface. The net-pen and 
associated weights are supported by the flotation collar on which the wind, current and 












Fig. 2.8. A “REFA TLC 600 P” cage in Alghero Bay. 
 
The floating collar and respective moorings are thus subject to violent stress, while the 





original volume, while the fish are confined to the severe sea surface conditions, 
resulting in damage and mortality. 
The principal net-pen of the “TLC” remains stable under all conditions, retaining a large 
percentage of its original volume (Fig. 2.9), without any violent motion, thanks also to 
the effective anti-fouling treatment of the net. This ensures a stress-free environment for 
the fish which continue feeding and growing, without any breaks in production. “TLC” 
farms can be sited at considerable depths. The vertical moorings occupy only the area of 
the net-pen and do not interfere with navigation or fishing and tourism interests. Each 
cage forms an independent unit. 
 
 
Fig. 2.9. “TLC” REFA deformed shape under extreme loading conditions. 
 
A “TLC” facility, mooring included, will require an installation area at least 10 times 
smaller than a facility with conventional cages. The cages can be installed over irregular 
and steep sea-floors, with mooring lines shorter than the sea depth. 
The “TLC” consists of: 
• the mooring module (clump weights, tension legs, mooring buoys, reinforcement 
ring); 
• the cage-net module (net-pen, top buoys, float collar). 
The mooring module is permanently installed, while the cage net module can be 
released to the surface for fish handling, towage, etc., just like any surface cage. The 





These are jointed with heavy-duty zippers, for fast and convenient removal. 
On the surface the orbit diameter is equal to wave height (H), while decreases 
exponentially with depth as follows: 
 
DZH = exp (2z/L) 
where: DZ = diameter of orbit; z = depth; L = wavelength. At the depth L/9 (equal to 
1/9 of wavelength) DZ has already halved, and the depth L/2 (half the wavelength) DZ 
is reduced to only 4% of wave height on the surface. Owing to this the stress on the 
structure of a “TLC” cage type are equal to one fifth of those exposed in a cage moored 
surface. Moreover, the action of considerable size waves has the effect of completely 
submerge the cage below the water level, thus lowering the hydrodynamic impact on 
the structures. 
The cages are moored by the tension forestays that keep them upright, such method has 
been tested over a long time on oil platforms. The forestays are made of galvanized long 
link chain or spectrafibra rope of S-Urethane, depending on the depth and the specific 
site characteristics. 
The ballasts, weighing 4 tonnes each, are made of reinforced concrete and are disposed 
(6 per cage) in the circle determined by on bottom projection of the cage area (Fig. 2.7). 
In this way, the anchors occupy only the seabed area directly under the cage, 
considerably reducing mooring area than that occupied by conventional cages. 
 
2.2.1.1 Cage layout and positioning 
The cage layouts (Fig. 2.10) and information about diameter, depth and rearing volume 
of each net cage were directly collected from the farmers (Tab. 2.1). Positioning of the 
cages in relation to the bathymetry was also recorded. 
 
2.2.1.2 Feeding of the farmed fish 
It is necessary to take into account the differences between manual and automated fed. 
Thorpe et al. (1990) estimated that in manual feeding salmon, ingestion was of 67% and 
only 33% with automatic feeding. 
In order to meet both the biological rhythms and the physiological needs of the species 
reared (as well as a reduction of food waste), in the facility examined fish were 
manually fed (Fig. 2.11), with frequencies depending on: 





summer, only 1 dose during the rest of the year; 
• size of fish (the smaller ones have a faster metabolism); 
• fish response to food. 
 
 
Fig. 2.10. Aerial view of “La Maricoltura Alghero” fish farming facility. 
 
 
Tab. 2.1. Characteristics of the cages of “La Maricoltura Alghero” fish farming facility. 
Measures Pre-growing cages Growing cages 
Diameter (m) 8 16 
Depth (m) 12 11 
Volume (m3) 600 2,200 
 
 
The average length of the rearing cycle needed to obtain a marketable product (i.e. 
seabreams weighing between 250 and 300 g; Fig. 2.12) is about 12-15 months. At the 
end of the rearing cycle, and feeding seabreams with extruded feed of variable size 
depending on fish size, the estimated value of fish biomass in cages is around 15 kg m-3 
(30 tons a cage), for an annual production of about one hundred tons. 
In fact, at the moment, extruded feed is nearly universal in the farming of a number of 
fish species such as several kinds of salmonid, cod, seabass and seabream. In particular, 
the high quality of fish produced at the facility investigated in the present study is 





not contain flour obtained from genetically modified organisms) and, even more, 








Fig. 2.12. Gilthead seabream specimens reared in cages. 
 
 
2.2.1.3 Husbandry data 
Detailed information on husbandry were also collected from the farmers. In particular, 
seabreams were fed with an extruded feed pellet produced by the Aller Aqua Company. 
These pellet was characterized by these values: 42÷56% protein, 18÷21% fats, 7.5÷12% 
ash, 0.5÷2.5% fibre, and 1.1÷1.4% phosphorus content. During the sampling period, the 





2.2.1.4 Considerations on feed pellet used 
In general, the value of uneaten feed as a percentage of feed input is difficult to quantify 
and few studies exist in the scientific literature. Wastage depends on the husbandry 
feeding method and the level of care taken to prevent overfeeding. Also, digestibility 
may well vary with feed pellet type, temperature and fish size. 
The main advantages of extruded feeds (like the one used in the fish farming studied) 
are: a better digestibility of carbohydrates, a better use of vegetable proteins, and greater 
buoyancy and stability of the granules (thus giving fish a larger probability of catching 
the food), besides a slower and more efficient digestion. 
The improving of the conversion factors, further to minimize the effect of aquaculture 
in the environment, has allowed a better use of the feeds and a faster growth of fish, 
making these aquacultural activities more convenient. 
 
2.2.1.5 Harvesting techniques 
Before harvesting, some days of starvation are needed specially in intensive farming. 
The length of this period varies according to temperature and feeding rate (for example, 
at 25°C, 24 hours may be enough). At lower temperatures, 48-72 hours are necessary. 
After correct starvation, the fish are ready to be harvested. Before starting this activity, 
however, the presence of dying or dead fish needs to be checked. 
The fish reared in sea cages can be harvested when weather conditions are acceptable 
for the safety of the workers. Fish must be crowded into a relatively small area so that 
the animals can be harvested with dip nets or vacuum pumps. 
 
2.2.1.6 Gilthead seabream fry origin 
During the study period, Sparus aurata fry reared at the intensive facilities of Alghero 
came from the “Panittica Pugliese” hatchery located at Torre Canne di Fasano (half-way 
between Bari and Brindisi; Central-eastern Apulia). This is a company with advanced 
technologies and highly efficient and well organized structures in all its departments. 
The hatchery is developed within an area of 3,200 m2 entirely covered, and the heart of 
the plant comprises rooms for the reproduction and incubation of eggs, rooms for larval 
rearing, and several phyto-zooplancton’s production environments. The nursery is 
constituted by raceway tanks with a total capacity of 3,600 m3. In this section of the 
plant, marine fry are produced and then delivered to ongrowing farms. This hatchery 





capacity of 4,200 m3, in which fry of different sizes are bred to satisfy all requirements, 
whereas the second sector has tanks of 7,500 m3 capacity in which fry are bred to 
commercial size in order to verify their growth performances and quality. Finally, 
supply of fry of various sizes to intensive fish farms is delivered with modern and 
special trucks. 
 
2.2.2 Extensively-reared gilthead seabreams 
2.2.2.1 Site of origin 
The lagoon of Tortolì is located on the Central-eastern Sardinian coast (western 
Tyrrhenian Sea) between the mouth of the Rio Girasole and the port of Arbatax (Fig. 
2.13). This biotope is of great environmental interest covering a surface of about 250 ha. 
It is connected to the sea through two mouths: the first located at the confluence 
between the Rio Mannu and the Baccasara Channel, and the second at the beginning of 
Baccasara Channel. The depth of the lagoon ranges from a maximum of 4 m (in 
proximity of the Baccasara Channel) to a minimum of 0.8 m. Its salinity varies between 
15 and 35‰, but normally is not less than 30‰ (Cannas et al., 1992). 
A semi-diurnal tide, having an average amplitude equal to 0.30 m, determines the 
incoming and outgoing tidal flows through the channels. The maximum tidal flow rate 
entering into the lagoon from the first mouth has been estimated to be 3 m3/s, while that 
from the second mouth has been calculate to be 5 m3/s. Beside tidal flows, the wind can 
also influences the lagoon hydrodynamics. Direct measurements have shown that the 
most frequent winds are sea breezes blowing along the North-West direction and having 
a maximum speed of about 3-4 m/s. 
Along the perimeter of the lagoon there are numerous fresh water inlets which transport 
nutrients into the main basin. Field measurements carried out between March 2000 and 
March 2001 have allowed to estimate that the annual average value of fresh water 
inflows was equal to 0.7 m3/s. Furthermore, the assessment of the main chemical-
physical variables carried out in 2000 in 3 different points in the lagoon has shown that: 
• the minimum concentration of dissolved oxygen (measured at the top and the bottom 
of the water column) occurs in summer, and it is always greater than 4 mg/l; 
• the maximum water temperature peak is reached in summer and does not exceed 
25°C; 
• the dissolved phosphorous concentration in the water column ranges from a 






Fig. 2.13. The lagoon of Tortolì (from www.sardegna3d.it). 
 
The bottom of the lagoon is mainly sandy-muddy and large areas are covered with 
seagrasses (mainly Zostera noltii; Munari & Mistri, 2007). Conversely, floating species 
are present in minor quantities (Cioffi & Gallerano, 2006). 
 
2.2.2.2 The “Cooperativa Pescatori Tortolì” 
The “Cooperativa Pescatori Tortolì” exists from more than 60 years, and is the owner of 
the fishery license authorized by the “Regione Autonoma della Sardegna” for almost the 
entire basin (Lumare, 2001). This fishermen cooperative mainly trades its catch 
products from the lagoon and from the open sea, being the Tortolì lagoon one of the 
most productive in Sardinia. The company employs more than 50 workers and 
represents an important income source for the local community, because it is also the 
best producer of the “bottarga” (eggs of grey mullets) of the Sardinian East coast. 
Both the mouths of the lagoon are equipped with a fishing structure called “lavoriero” 
(Fig. 2.14), a very efficient tool which allows to catch the migratory ichthyofauna (eel, 
grey mullet, seabass, gilthead seabream, etc.). The under-size fish specimens caught in 
the “lavorieri” (especially seabreams) are often intensively reared in rectangular cages 
(Fig. 2.15), feeding them with commercial pellets in order to reach the marketable sizes 
more quickly. 
The culture of mussels (Mytilus galloprovincialis) in longlines is also largely practiced 
in the lagoon (Salati et al., 1999; Fig. 2.16), and the cooperative has also an efficient 
depuration plant for shellfish (Lumare, 2001). Furthermore, using fry from the hatchery 





Marsupenaeus japonicus were carried out in the past years (Lumare, 2001). 
The fishermen cooperative, in addition to the above mentioned aquaculture activities, 
offers a number of additional services for tourism and recreational purposes, including a 




Fig. 2.14. Lavoriero at the Tortolì’s lagoon. 
 
 
Fig. 2.15. Rectangular cages for fish rearing at the Tortolì’s lagoon. 
 
2.2.2.3 Yield of the lagoon 
In the last decades, the yield of the Tortolì’s lagoon was moderately high (about 270 





have affected the system in 3 decades. In particular, specific environmental situations 
(floods of tributaries), structural interventions (changes of the hydraulic system) and 
management solutions have led to increases or decreases in production. 
 
 
Fig. 2.16. Longlines with buoys for mussels culture at the Tortolì’s lagoon. 
 
The cause/effect relationship between the event and the yield of following period was 
also evident in the year 1990, during which the catches were strongly influenced, 
especially in qualitative terms, by the high salinity of the basin. The implementation of 
some interventions to improve the circulation of sea water (dredging of sub-lagoon 
channels and deepening of the “lavorieri”) has caused, coinciding with a particularly dry 
period, the rising of salinity, which in 1990 has never fallen below 33‰ (Cannas et al., 
1992). In general, the relative high salinity level certainly can influence the ascent of 
typical marine and euryhaline fish. While some species of brackish environments occur 
only for short periods, other species typical of marine waters are present for several 
consecutive months. 
 
2.2.2.4 Harvesting techniques 
Besides usual methods (nets, traps, hooks), fish species are caught near the mouths of 
the Tortoli’s lagoon inside the “lavoriero”, where it is possible to harvest them in all 
weather conditions. Fishermen push fish toward the grids using a small net, trying to 
catch only commercial-sized specimens. Smaller individuals are released into the basin 





During these fishing activities, great attention is paid to clean the bottom before 
harvesting: actually, this practice ensures more hygienic fish having good organoleptic 
characteristics, as it avoids that undesirable materials entering into gills and mouth. 
 
2.2.2.5 Features of the fish analyzed 
The 30 gilthead seabreams sampled in the lagoon of Tortolì were extensively-reared on 
its brackish waters feeding exclusively on the natural pabulum present in this biotope. 
In fact, the bottom of the lagoon is characterized by a reach macrozoobenthic 
community in which are abundant several taxa like molluscs (Gastropods and 
Bivalves), annelids (Polychaetes), crustaceans (Decapods, Isopods and Amphipods), 
and insect larvae that are all potential food-items for Sparus aurata specimens (Bini, 
1968; Martinelli et al., 1992). 
 
2.2.3 Wild gilthead seabreams 
The 30 gilthead seabreams from wild origin were caught by professional fishermen 
using trammel nets or longlines within the Gulf of Asinara (North-western Sardinia; 
Fig. 2.17) in winter 2010. They were bought in the civic market of Sassari and 
immediately transported to the laboratory for subsequent analyses. 
It is worth noting that all the above-mentioned specimens had a completely natural diet 









2.3 Analytical methods 
2.3.1 Samples preparation: handling and processing 
Cultured gilthead seabream specimens to be analyzed were first slaughtered in situ by 
immersion in ice-cold water (thermal shock), then handled with great care before 
packaging. Afterwards, they were placed in a cool bag with ice (Fig. 2.18) and 
immediately transported to the Department of Animal Sciences of the University of 
Sassari within 3 hours of harvest. 
 
 
Fig. 2.18. Cool bag with samples. 
 
2.3.2 Morphometric measurements 
Upon arrival at the laboratory, fish were individually weighted with a technical balance 
(Fig. 2.19) and measured for standard length with a metric ruler (Fig. 2.20). Standard 
length (SL) refers to the length of a fish measured from the tip of the snout to the 
posterior end of the last vertebra or to the posterior end of the midlateral portion of the 
hypural plate (www.fishbase.org). Therefore, this measurement excludes the length of 
the caudal fin since in fish from intensive rearing it may be partially or even completely 
missing. 
 
2.3.3 Dissection procedures 
The peritoneal cavity of fish was opened along a ventral midline incision (Fig. 2.21). 
The entire visceral package, including stomach, intestine, liver, spleen, heart and gonads 
was extracted as a whole to determine total viscera mass weight. Stomach and intestine 






Fig. 2.19. Measure of the weight. 
 
Fig. 2.20. Measure of the length. 
 
 
Fig. 2.21. Ventral midline incision. 
 
Fig. 2.22. Stomach and intestine. 
 
An incision along the dorsal fin up to the caudal fin and another one behind the 
operculum including pectoral and ventral fins were made to separate each fillet from the 
carcass (Figs. 2.23-2.24) (Testi et al., 2006). 
 
 
Fig. 2.23. Dorsal and opercular incisions. 
 
Fig. 2.24. Separation of the fillets. 
 
2.3.4 Yields 
Once the entire visceral package was removed, total weight of eviscerated fish was 
determined. After the complete removal of the muscle, weight of the remaining carcass 






Fig. 2.25. Gilthead seabream carcasses for rejection weight assessment. 
 
The entire muscle (2 dorsal fillets and 2 ventral fillets) of each gilthead seabream from 
the 3 groups examined was taken without skin, scales and bones and placed in a marked 
plastic container (Fig. 2.26). Then, these samples were homogenized using an electric 




Fig. 2.26. Muscle of gilthead seabream placed inside plastic containers. 
 
 
Fig. 2.27. Electric homogenizer. 
 
The preparations thus obtained were weighed on an analytical balance and subsequently 





With the data obtained, the percentages of eviscerated yield, muscle (or fillets yield) and 
the rejection rate of all the gilthead seabreams sampled were calculated.  
In detail, eviscerated yield is particularly important because it shows the percentage of 
gutted weight on total body weight of the fish. The yield in fillets is also important 
because indicates the actual yield obtained from the edible portion of the fish. There are 
several factors affecting the slaughter yield, including: 
- amount of fat in the abdominal cavity; 
- liver volume; 
- maturation of the gonads; 
- degree of repletion of the stomach and intestine (for fish slaughtered without a 
period of feed restriction). 
 
2.3.5 Calculation of some biological indexes 
Standard length, body and viscera weight were recorded to evaluate the condition factor 
(K) = (100 × [total body weight (g)] / [standard length (cm)]3), and the viscerosomatic 
index (VSI) = (100 × [viscera weight (g)] / [total body weight (g)]) (Ricker, 1979) of the 
fish examined. 
 
2.3.6 Proximate composition 
2.3.6.1 Moisture and ash content 
Moisture and ash contents were assayed by the AOAC Methods. Aliquots of 
homogenate were placed in previously weighed porcelain crucibles and brought to 
constant weight in a oven at 105°C. After 24 hours at 105°C, samples were weighed 
again to calculate the dry weight (AOAC, 1990). The percentage of water was 
calculated as the difference between the initial weight of fresh sample and the final 
weight. The ashes were obtained by placing the same samples in a muffle furnace at a 
temperature of 550°C for five hours (Fig. 2.28) (AOAC, 1923; Mortensen & Wallin, 
1989). 
 
2.3.6.2 Crude protein 
The determination of crude protein was conducted according to the Kjeldahl method 
(AOAC, 1992). Samples of homogenate were subjected to digestion with 10 ml of 96% 
sulfuric acid (H2SO4) at 400°C in presence of a catalyst containing potassium and 





and 0.5 g of copper sulphate (CuSO4 × 5H2O)]. Then, distillation and titration with HCl 
0.1 N were carried out using an analyzer unit Kjeltec 2300 (FOSS, DK) (Fig. 2.29). 
 
 
Fig. 2.28. Oven and muffle furnace. 
 
 
Fig. 2.29. Kjeltec™ 2300 analyzer unit. 
 
The protein content was then calculated using the equation: 
Crude protein (%) = (0.875 × ml HCl 0.1N) / sample weight 
All chemical analyses were performed in duplicate. 
 
2.3.6.3 Macro and micro mineral content 
The determination of the main micro (Cu, Fe, Mn, and Zn) and macro elements (Ca, 
Mg, Na, K, and P) was performed by means of an atomic absorption (AA) 
spectrophotometer (Borg et al., 1981), and only for P with an UV-visible 
spectrophotometer. The ashed samples were dissolved in 5 ml of hydrochloric acid 4 N 
(HCl 37% v/v, Carlo Erba reagents), filtered with cellulose filter paper (Whatman n. 40, 
Whatman International Ltd., Maidstone, UK), and finally diluted to an appropriate 





mineral contents were all determined by flame atomic absorption spectrometry with an 
AA spectrophotometer Perkin-Elmer mod. 3300 (Norwalk, CT, USA; Fig. 2.30), except 
for P.  
Minerals amount were quantified on the basis of peak areas and compared with a 
calibration curve obtained with the corresponding standards. For each sample, the value 
of each element was expressed as the mean of 3 subsamples. Procedural blank samples 
were used inside each group (Yildiz, 2008). 
 
 
Fig. 2.30. Perkin-Elmer atomic absorption spectrophotometer. 
 
2.3.6.4 Determination of total phosphorus by spectrophotometric method 
Spectrophotometric determination of total phosphorus in gilthead seabream samples 
was conducted according to the method described by Jastrzębska (2009). Molybdenum 
blue procedure with ascorbic acid as reducing agent consisted in transferring the 
mineralized samples (1.0 ml) to a 50.0 ml volumetric flask followed by the addition of 
2.0 ml of 5% molybdate reagent and 2.0 ml of 5% ascorbic acid, then samples were 
diluted to the mark. The molybdate reagent was prepared by dissolving (NH4)6Mo7O24 • 
4H2O in redistilled water containing 15.0 ml of concentrated sulphuric acid. The 
solutions obtained were left for 140 min to ensure colour development and the 
absorbance was measured against reagent blank at wavelength of 825 nm (Lee et al., 
1998; Ünal et al., 2006). The P content was analyzed by UV-Vis spectrophotometry 
using a Varian Cary 50 Scan series UV-Vis spectrophotometer (Cary, North Carolina, 
USA) (Fig. 2.31). 
 
2.3.7 Fatty acids analysis 
2.3.7.1 Total lipid extraction 





described by Folch et al. (1957). In detail, 1 g of sample was placed in a 50 ml tube and 
20 ml of 2:1 dichloromethane/methanol mixture (v/v) containing 0.1% of butylated 
hydroxytoluene (BHT) as an antioxidant were added. The tube was capped, sonicated 
for 5 min (Ultrasonic Bath, Branson 1510; Fig. 2.32), vortexed for 1 min and then 
centrifuged at 1,500 rpm for 10 min at 4°C with a refrigerated centrifuge (ALC mod. 
4227R; Fig. 2.33). The supernatant was filtered (Whatman n. 541, Whatman 
International Ltd., Maidstone, UK) under vacuum and 5 ml of 0.73% NaCl were added 
to facilitate separation of the lipid fraction. 
The tube was subsequently centrifuged at 1,000 rpm for 10 minutes again, and the upper 
methanol/water layer was removed using a water aspirator and discarded. The solution 
obtained was then placed in a Pyrex glass flask and the dichloromethane extract layer 




Fig. 2.31. Varian Cary 50 Scan UV-Vis spectrophotometer. 
 
 
Fig. 2.32. Ultrasonic bath. 
 





On the following morning, flasks were weighed in order to get the amount of fat present 
in the samples. Finally, for the subsequent methylation, a quantity of hexane equal to 1 
ml / 25 mg of fat was added to lipid extracts. 
For the calculation of energy (reported as Kcal/100 g wet weight), the following 
equation proposed by Wheaton & Lawson (1985) was used: 
Energy (Kcal/100 g) = (protein value × 4) + (lipid value × 9). 
 
 
Fig. 2.33. Refrigerated centrifuge. 
 
 
Fig. 2.34. Rotavapor water bath. 
 
2.3.7.2 FAMEs preparation 
Derivatization was carried out using the base-catalyzed methylation modified procedure 
described by Roze’s et al. (1993). One ml of lipid extract was taken to dryness under 
nitrogen flow and a 0.5 ml solution of sodium methoxide 0.5 M (dissolved in methanol 
and vortexed for 2 minutes) was added to the residual fat (approximately 25 mg). 
Afterward, 1 ml of hexane containing the internal standard Methyl nonadacanoate (C19 
0.5 mg/ml) was added and vortexed for 1 minute, which led to phase separation. The 
derivatized fatty acid methyl esters (FAMEs) were recovered from the supernatant and 





autosampler (Varian, Walnut Creek, Ca) (Fig. 2.35). This apparatus was equipped with 
a Flame Ionization Detector (FID) with capillary column WCOT (Wall Coated Open 
Tubular) Fused Silica 100 m x 0.25 mm i.d., 0.25 µm film thickness, in stationary phase 
CP-Select CB for Fame (Varian, Walnut Creek, Ca). The injector and FID temperatures 
were 255°C and 285°C, respectively. For all samples the temperature program was as 
follows: 75°C for 1 minute, increased at 8°C/min to 165°C, held for 35 minutes, 
increased at 5.5°C/min to 210°C, held for 1 minute, and finally increased at 3°C/min to 
230°C, held for 11 minutes. The split ratio was 1:100 and high purity helium was the 
carrier gas with a pressure of 37 psi and a linear flow rate of 1 ml/min. 
 
 
Fig. 2.35. Gas chromatograph. 
 
The flows of air and hydrogen were regulated at 450 ml/min and 45 ml/min, 
respectively. The fatty acids were identified by comparing retention times of peaks 
samples with those of methyl esters standards (PUFA-1 and PUFA-3, Matreya Inc., 
Pleasant Gap, PA, USA) as well as by reference to a well characterized fish oil. 
The content of each fatty acid was expressed as percentage of total FAME present. 
 
2.3.7.3 Indexes of lipid health 
As far as the assessment of lipids quality is concerned (Amerio et al. 1996), the 
atherogenic index (AI) as an indicator of risk for cardiovascular diseases and the 
thrombogenic index (TI) as an indicator of the potential for blood platelets aggregation 
were calculated according to the formulas proposed by Ulbricht & Southgate (1991): 
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2.4 Statistical analyses 
2.4.1 Univariate analysis 
One-way analysis of variance (ANOVA) was used to detect putative differences among 
the 3 seabream groups examined. Cochran’s C test was used to check the assumption of 
the homogeneity of variances and, whenever necessary, data were transformed to 
log(x+1). Where data transformation did not correct violations in the assumption of 
homogeneous variances, an alpha-level adjustment to 0.01 was used to compensate for 
increased type I errors (Underwood, 1997). When appropriate, the Student-Newman-
Keuls’ (SNK; P<0.05) test was used for post-hoc comparisons to formulate alternative 
hypotheses. ANOVAs were always performed using the STATISTICA® software 
package. 
 
2.4.2 Multivariate analysis 
The data collected were elaborated using Principal Component Analysis (PCA). This is 
a classical method for a linear transformation of the original variables. Starting from the 
correlation matrix R, this method gives an approximate representation of the original 
data matrix onto a lower dimensional space to allow visual inspection of similarities. 
Details on the calculation procedures can be found in Jackson (1991). The number of 
principal components to retain was chosen according to the total variation accounted for 
(Mardia et al., 1993). 
In general, PCA is a multivariate statistical technique used to form a smaller number of 
uncorrelated variables from a large set of data. The main goal of PCA is to explain the 
maximum amount of variance with the fewest number of principal components. 
Principal components analysis is commonly utilized as one step in a series of analyses. 
This type of computational method is used to reduce the number of variables and avoid 
multicollinearity, or when there are too many predictors relative to the number of 
observations. 
Furthermore, Linear Discriminant analysis (LDA) was applied to the separation of the 





was applied to the variable set in order to evaluate the sample differentiation and 
classification of the data expressed as discriminant scores. LDA has been extensively 
discussed by several authors (Anderson, 1984; Lebart et al., 1984). Both PCA and LDA 
were performed using Palaentological Statistics (PAST) version 2.03 (Hammer et al., 







3 Results and Discussion 
3.1 Univariate analysis 
3.1.1 Morphometrics and body yield 
The 30 intensively-reared seabream specimens from the facility in the Alghero Bay 
showed a mean (±SD) standard length of 22.18±1.37 cm, and a mean total weight of 
324.74±61.37 g (Tab. 3.1). Moreover, their mean weight of the viscera was 5.22±1.91 g, 
the mean muscle weight was 134.79±27.86 g, while the mean rejection weight was 
165.58±28.78 g. 
The extensively-reared seabreams from the Tortolì’s lagoon revealed a mean standard 
length of 24.10±0.98 cm, and a mean total weight of 348.48±40.97 g. The mean weight 
of the viscera was 3.40±0.76 g, the mean muscle weight was 152.33±21.13 g, and the 
mean rejection weight was 170.37±19.11 g (Tab. 3.1). 
The third group of seabreams (i.e., the wild one) exhibited a mean standard length of 
19.76±1.03 cm, and a mean total weight of 195.18±29.89 g. Furthermore, the mean 
weight of the viscera was 9.74±2.50 g, the mean muscle weight was 79.57±12.02 g, and 
the mean rejection weight was 97.11±16.32 g (Tab. 3.1). 
Morphometric measurements of the 3 seabream groups examined were represented like 
length-weight relationships in Figs. 3.1, 3.2, and 3.3, respectively. 
The condition factor (K) mean value was higher in the group of seabreams intensively-
reared with the value of 2.96±0.29 (Fig. 3.4), which was significantly different to both 
the extensive and wild groups (2.48±0.14 and 2.52±0.17, respectively), which were, 
instead, similar (Tab. 3.1). The differences in shape of the 3 gilthead seabream groups 
bring forward the importance of condition index as a measurement of body shape and as 
a good indicator of dietary condition and farming history. In fact, in gilthead seabreams 
K value generally increases with intensification of farming, as reported by several 
Authors (Francescon et al., 1988; Sañudo et al., 1993; Flos et al., 2002), while it 
reduces during food deprivation (Grigorakis & Alexis, 2005). However, body shape and 
presence of scales seem to be strongly affected by culturing conditions, in particular by 
stocking density, and therefore they are related to the movement ability of fish further to 
the feeding strategy (Hurtado et al., 2006). 
The mean percentage of eviscerated yield (represented in Fig. 3.5) was higher in 
extensively-reared fish with 95.43±1.07%, while was 94.23±1.15% in the extensively-
reared group, and only 91.90±1.76% in wild seabreams. ANOVA detected significant 





Tab. 3.1. Morphometrics and body yield of the 3 gilthead seabream groups. 
   Group   
 Intensive  Extensive  Wild 
Standard length (cm) 22.18±1.37  24.10±0.98  19.76±1.03 
Total weight (g) 324.74±61.37  348.48±40.97  195.18±29.89
Condition factor (K) 2.96±0.29A  2.48±0.14B  2.52±0.17B 
Viscera weight (g) 5.22±1.91  3.40±0.76  9.74±2.50 
Eviscerated yield (%) 94.23±1.15B  95.43±1.07A  91.90±1.76C 
Viscerosomatic index (VSI) 1.61±0.50B  0.98±0.20C  5.01±1.15A 
Muscle weight (g) 134.79±27.86  152.33±21.13  79.57±12.02 
Muscle yield (%) 41.43±1.78B  43.66±2.10A  40.84±2.40B 
Rejection weight (g)  165.58±28.78  170.37±19.11  97.11±16.32 
Rejection (%) 51.14±2.09A  48.93±1.58B  49.69±1.97B 
Values are mean and standard deviation of 30 specimens per group. Values in each row with different 























Fig. 3.4. Condition factor (K) percentage (total body weight/standard length3). Bars 






Fig. 3.5. Eviscerated yield percentage (gutted weight/total body weight). Bars represent 





The viscerosomatic index (VSI) also showed significant differences among the 3 
groups, with the highest value of 5.01±1.15 in wild seabreams (Fig. 3.6). The 
intensively and extensively-reared fish revealed values of 1.61±0.50 and 0.98±0.20, 
respectively. 
The yield of evisceration was almost superimposable for the 2 cultured groups, while 
wild gilthead seabreams were strongly different from them. In the case of fish reared in 
floating cages, a lower incidence of visceral mass may be due to the influence of fasting 
period to which they are submitted a few days before the harvest that coincided with 
sampling. This fact may have caused a minimum in terms of functionality throughout 
the gastrointestinal tract, and a consequent reduction in the volume of the same. 
Analogously, even the last pre-winter feeding period (with formulations containing 
lower fat percentage than the standard feed) could have influenced the deposition of 
lipids at visceral level. 
In the wild gilthead seabream specimens, it was observed as the stomach and intestine 
contained abundant residues of small crustaceans and bivalve molluscs. This has 
naturally affected their body yield and, in particular, the viscerosomatic index. 
However, as far eviscerated yield and viscerosomatic index are concerned, the 
extensively-reared seabreams from the Tortolì’s lagoon showed values very similar to 
those of intensively-reared fish, although they could eat freely without fasting periods. 
This fact may be due to the cold temperatures of the water in coastal lagoons thanks to 
the higher contribution of continental cold freshwater (in comparison with sea water in 
wintertime), which can cause a remarkable decrease of fish feeding activity. 
The muscle yield mean percentage value (Fig. 3.7) was greater in the extensively-reared 
gilthead seabream group (43.66±2.10%). It was significantly different from the 2 other 
groups that, instead, showed similar values (41.43±1.78% the intensively-reared one 
and 40.84±2.40% wild fish, respectively; Tab. 3.1). 
Finally, as regards the percentage of rejection, the highest mean value was observed for 
the intensively-reared group with 51.14±2.09% (Fig. 3.8). It was significantly different 
from the 2 other groups that, instead, revealed comparable percentages (48.93±1.58% 
for extensively-reared fish and 49.69±1.97% for wild gilthead seabreams, respectively; 
Tab. 3.1). 
As far biological indexes and body yields are concerned, details of ANOVA results and 
Student-Newman-Keuls post-hoc comparison test for the 3 fish groups examined are 






Fig. 3.6. Viscerosomatic index (VSI) percentage (viscera weight/total body weight). 






Fig. 3.7. Muscle yield percentage (muscle weight/total body weight). Bars represent the 






Fig. 3.8. Rejection percentage (waste weight/total body weight). Bars represent the 
mean value of 30 specimens per group (error bars indicate SD). 
 
 
3.1.2 Proximate composition 
The mean lipid content (Fig. 3.9) of the intensively-reared gilthead seabreams 
(5.40±0.99%) was significantly higher than both those of the extensively-reared 
(3.43±0.83%) and the wild groups (1.52±0.56%). 
By contrast, the mean moisture value of fish from intensive farming (71.97±1.18%) was 
significantly lower than that of the other 2 groups (75.27±1.05% for the extensively-
reared group and 78.52±1.07% for wild fish, respectively; Fig. 3.10). This fact is due to 
the reverse proportionality ratio existing among these 2 components: in fact, the 
percentage of water in fish varies inversely to the lipid content (Love, 1980; 1988). 
It is worth noting that the fat content of the Sparus aurata specimens intensively-reared 
in the Alghero Bay was considerably less than that provided by INRAN (www.inran.it), 
and the same went for the wild seabreams (Tab. 3.4). This was probably due to the fact 
that the fish analyzed in this study were sampled in the winter period, in which total 
lipids are lower than those present in warmer seasons. 
In the literature there is a large number of papers dealing with fat content of farmed 
seabreams, but the range of values reported is very wide making difficult a comparison 











Tab. 3.2. ANOVA results for biological indexes and body yields of the 3 gilthead seabream groups examined. 
  Condition factor  Eviscerated yield  Viscerosomatic index  Muscle yield  Rejection % 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 2.10 48.59 0.000  97.28 52.08 0.000  9.87 367.35 0.000  66.65 14.96 0.000  36.87 10.52 0.000 
Residuals 87 0.04    1.87    0.03    4.46    3.51   
                     
Cochran’s test   0.648 <0.01   0.558 <0.01   0.446 ns   0.432 ns   0.398 ns 
Transformation    none    none    ln(x+1)    none    none 
SNK test    E=W<I    W<I<E    E<I<W     W=I<E    E=W<I 







Tab. 3.3. Proximate composition of fillets of the 3 fish groups (g/100 g edible portion). 
   Group   
 Intensive  Extensive  Wild 
Moisture 71.97±1.18C  75.27±1.05B  78.52±1.07A 
Protein 21.25±0.59A  20.90±0.45A  19.80±0.93B 
Lipid 5.40±0.99A  3.43±0.83B  1.52±0.56C 
Ash 1.31±0.07B  1.36±0.06A  1.30±0.05B 
Energy (Kcal/100 g) 133.57±8.48A  114.46±7.18B  92.91±6.60C 
Values are mean and standard deviation of 30 specimens. Values in each row with different superscript 
letters are significantly different (A, B, C=p<0.01). 
 
 
Tab. 3.4. Proximate composition of fillets of farmed and wild seabreams (www.inran.it). 
  Moisture (g)  Protein (g)  Lipid (g)  Energy (Kcal/KJ) 
Farmed seabream  69.1  19.7  8.4  159/665 





Fig. 3.9. Lipid percentage. Bars represent the mean value of 30 specimens per group 






Fig. 3.10. Moisture percentage. Bars represent the mean value of 30 specimens per 
group (error bars indicate SD). 
 
 
It is important to focus on the differences of the lipid fraction widely documented in the 
literature (Carpenè et al., 1998; Flos et al., 2002; Grigorakis et al., 2002; Orban et al., 
2003; Saglik et al., 2003; Grigorakis, 2007; Mnari et al., 2007; Yildiz et al., 2008), 
where lipid content in flesh of the farmed fish is reported as significantly higher than 
that found in wild individuals of the same species. 
This fact is in direct relation to feeding and rearing practices: actually, it can be 
generally noted an increased lipid content in fish from intensive farming systems, while 
a lower value can be observed for extensively-reared fish which, for this reason, are 
considered closer to wild specimens. 
As far as the mean protein content (Fig. 3.11) is concerned, both the intensively and the 
extensively-reared gilthead seabreams were similar, showing a significantly higher 
percentage (21.25±0.59% the former and 20.90±0.45% the latter, respectively; Tab. 3.3) 
in comparison with the wild fish (19.80±0.93%). 
The mean ash percentage (Fig. 3.12) was quite comparable in the 3 groups analyzed, 
although the extensively-reared specimens revealed a significantly higher value 
(1.36±0.06%) from those intensively-reared (1.31±0.07%) and from the wild gilthead 






Fig. 3.11. Protein percentage. Bars represent the mean value of 30 specimens per group 






Fig. 3.12. Ash percentage. Bars represent the mean value of 30 specimens per group 





Finally, with regard to the mean energy content (Fig. 3.13), it can be observed that the 
mean values detected in the specimens analyzed exhibited the same trend of the lipid 
content (Tab. 3.3.). In fact, the intensively-reared gilthead seabreams showed the higher 
energy value (133.57±8.48 Kcal/100 g), in reason of their high lipid content, while 
extensively-reared and wild specimens showed lower mean values (114.46±7.18 the 




Fig. 3.13. Energy content (Kcal/100 g). Bars represent the mean value of 30 specimens 
per group (error bars indicate SD). 
 
 
In addition, as far as proximate composition of the 3 groups examined is concerned, 
details of ANOVA results and Student-Newman-Keuls post-hoc comparison test are 












Tab. 3.5. ANOVA results for proximate composition of the 3 gilthead seabream groups examined. 
  Moisture  Protein  Lipid  Ash  Energy 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 321.22 266.13 0.000  17.20 36.57 0.000  112.49 170.96 0.000  0.04 11.93 0.000  12414.31 222.64 0.000 
Residuals 87 1.21    0.47    0.66    0.00    55.76   
                     
Cochran’s test   0.382 ns   0.608 p<0.01   0.498 ns   0.416 ns   0.431 ns 
Transformation    none    none    none    none    none 
SNK test    I<E<W    E<I<W    W<E<I    W=I<E    W<E<I 







3.1.3 Mineral content 
The main macro (i.e., Mg, Ca, Na, K, P) and microelements (Fe and Zn) mean values 
are reported in Tab. 3.6 as mg/100 g of wet weight, except for copper (Cu) and 
manganese (Mn), which are reported as µg/100 g, due their presence at low levels. 
It is worth nothing that similar values were found for Ca, Na, and P between the 2 
farmed gilthead seabream groups that, instead, were significantly different from the 
wild one. The other elements were always significantly dissimilar among the 3 groups 
examined, with the exception of Fe which mean values were comparable. 
 
Tab. 3.6. Mineral content of the 3 gilthead seabream groups. 
   Group   
 Intensive  Extensive  Wild 
Mg (mg/100 g) 37.16±1.55Aa  31.94±2.72B  35.57±2.10Ab 
Ca (mg/100 g) 20.10±6.85A  20.48±5.17A  15.25±3.67B 
Na (mg/100 g) 128.01±41.54A  130.33±21.01A  80.72±27.55B 
K (mg/100 g) 448.08±39.63Ba  496.15±44.64A  420.83±47.19Bb
P (mg/100 g) 218.72±12.36B  212.20±11.06B  240.43±21.34A
Fe (mg/100 g) 0.34±0.16  0.36±0.20  0.35±0.11 
Zn (mg/100 g) 0.52±0.10B  0.52±0.13B  0.64±0.19A 
Cu (µg/100 g) 43.97±18.69b  57.05±33.89ab  60.64±22.46a 
Mn (µg/100 g) 29.92±12.16A  17.28±4.19B  10.90±3.12C 
Values are mean and standard deviation of 30 specimens. Values in each row with different superscript 
letters are significantly different (A, B, C=p<0.01; a, b, c=p<0.05). 
 
In general, as far as the microelements content is concerned, there was a close similarity 
between extensively-reared and wild fish. In particular, the Zn mean value was 
significantly higher in wild specimens, thus confirming the observations of Carpenè et 
al. (1998). The Cu mean values were superior in wild and extensively-reared gilthead 
seabreams, while there was a similar quantity of Fe in the 3 groups examined. Finally, 
Mn mean content was significantly higher in the intensively-reared group, because this 
element is typically abundant in commercial feed formulations (Yildiz, 2008). 
As regard all the macro and microelements of the 3 groups examined, details of 
ANOVA results and Student-Newman-Keuls post-hoc comparison test are illustrated in 







Tab. 3.7. ANOVA results for macroelement content of the 3 gilthead seabream groups examined. 
  Mg  Ca  Na  K  P 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 214.68 45.15 0.000  0.66 9.75 0.000  2.40 28.22 0.000  43638 22.61 0.000  6557.1 26.92 0.000 
Residuals 87 4.76    0.07    0.08    1930    243.6   
                     
Cochran’s test   0.52 p<0.05   0.445 ns   0.454 ns   0.385 ns   0.624 p<0.01 
Transformation    none    ln(x+1)    ln(x+1)    none    none 
SNK test    E<W<I    W<I=E    W<I=E    W<I<E    E=I<W 
(E=extensively-reared; I=intensively-reared; W=wild; significant differences at p<0.01 are marked in bold). 
 
 
Tab. 3.8. ANOVA results for microelement content of the 3 gilthead seabream groups examined. 
  Fe  Zn  Cu  Mn 
Source of variation df MS F p  MS F p  MS F p  MS F p 
Group 2 0.002 0.09 0.916  0.13 6.15 0.003  0.95 5.09 0.008  2812.27 48.15 0.000 
Residuals 87 0.03    0.02    0.19    58.41   
                 
Cochran’s test   0.499 ns   0.577 p<0.01   0.398 ns   0.528 p<0.01 
Transformation    none    none    ln(x+1)    none 
SNK test    I=E=W    E=I<W    I<E=W    W<E<I





3.1.4 Fatty acids 
The results of fatty acids composition (Tab. 3.9) appeared very interesting from a 
nutritional standpoint. In particular, the wild gilthead seabreams and the extensively-
reared ones showed high mean values of saturated fatty acids (SFA), among which 
predominated C16 (22.73±2.35% in wild fish, 21.13±1.64% in extensively-reared, and 
only 16.61±0.95% in intensively-reared ones), and C18 (8.98±1.49% in wild fish, 
9.63±1.18% in extensively-reared, and only 3.91±0.26% in intensively-reared ones). On 
the other hand, Sparus aurata specimens farmed in sea cages in the Alghero Bay had 
C14 (4.05±0.31%) as the most abundant SFA. 
Consequently, wild and extensively-reared gilthead seabreams had higher and similar 
total SFA mean percentages (32.90±2.96% and 33.41±2.12%, respectively), compared 
with the significantly lower value observed in the intensively-reared fish 
(24.57±0.74%). 
The 2 farmed groups showed the highest mean values of oleic acid (19.24±1.55% in 
intensively-reared fish, 29.04±4.99% in extensively-reared, and only 9.94±3.91% in 
wild specimens), while linoleic acid accounted for 17.34±1.10% in intensively-reared 
gilthead seabreams, only 0.64±0.16% in extensively-reared, and 1.08±1.18%, in wild 
fish. 
Oleic and linoleic acids are not usually found in the marine food chain, but they are 
present in terrestrial plant tissues (and in particular in their oils) that are common 
ingredients of pellet feed for fish. These 2 fatty acids largely accumulate unchanged in 
the lipids of marine fish due to their reduced capacity for chain elongation and 
desaturation (Sargent et al., 2002). 
Therefore, the high content of these compounds in farmed fish is probably related to 
their abundance in commercial fish feed, in which they can partially replace fish meal 
and fish oil (Grigorakis et al., 2002; Saglik et al., 2003; Mnari et al., 2007; Fountoulaki 
et al., 2009; Roncarati et al., 2010). 
However, it is difficult to explain the high content of oleic acid found in the fish 
extensively-reared in the Tortolì’s lagoon. This could partly be attributed to changes in 
the food chain (compared to the open sea) occurring in a confined environment, given 
also the omnivorous feeding habits of S. aurata, as already observed for the sharpsnout 
seabream Diplodus puntazzo (Piccolo et al., 2007). 
The wild gilthead seabream group from the Gulf of Asinara had a lower mean content 





(16.56±5.24%, 41.36±6.12%, and 29.75±1.49%, respectively for wild, extensively-
reared, and intensively-reared fish), partially due to its lower content of oleic acid. 
Arachidonic acid mean content was higher in the wild group (10.23±3.01%), while was 
remarkably lower in the 2 other groups (4.32±1.75% in extensively-reared, and only 
0.74±0.07% in intensively-reared specimens), in agreement with the observations of  
Rueda et al. (1997), Serot et al. (1998), and Grigorakis et al. (2002). 
In fact, the levels of arachidonic acid are generally lower in reared fish, because feed 
pellets commonly used in aquaculture contain minimal amounts of this fatty acid 
(Sargent et al., 1999). 
Concerning the sum of percentages, PUFA was the most abundant fatty acid class (with 
n-3 predominating among them), followed by MUFA (mostly n-9). Mean levels of total 
PUFA were highest in intensively-reared and in wild specimens (45.69±1.85% and 
50.53±6.32%, respectively), while the extensively-reared group showed a significantly 
lower value (25.23±7.13%). 
The mean levels of n-3 PUFA were always high and significantly different in the 3 
groups analyzed (37.96±5.18%, 19.18±5.71%, and 25.40±1.09%, respectively in wild, 
extensively-reared, and intensively-reared specimens), confirming that the marine 
environment is an excellent source of n-3 PUFAs, and that the intensively farmed 
gilthead seabreams were fed with a diet containing large quantities of n-3 
polyunsaturated fatty acids. 
Also the mean levels of n-6 PUFA were significantly different in all the 3 fish groups 
(18.86±1.16% in intensively-reared gilthead seabreams, 5.76±1.72% in extensively-
reared, and 12.07±3.26% in wild fish). 
The highest value observed in the cage-farmed group was undoubtedly attributable to 
the abundance of linoleic acid in the commercial pellet feed used for growing the 
specimens analyzed. 
Accordingly, the highest n3/n6 ratio was detected in both the extensively-reared and 
wild group (3.40±0.81 and 3.36±0.93, respectively), while this value was lower and 
significantly different in intensively-reared gilthead seabreams (1.35±0.09). Similar 
results were reported by Grigorakis et al. (2002), with ratios of 3.09 for wild and 1.92 
for intensively-reared S. aurata specimens, respectively. 
Among the n-3 series, all the 3 groups of fish demonstrated to be an excellent source of 
both eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are 2 





The EPA mean content was higher in intensively-reared and wild gilthead seabreams 
(7.00±0.45% and 6.38±1.31%, respectively), while was lower and significantly different 
in extensively-reared specimens (4.45±1.11%). 
The DHA mean level was higher in the wild group with a percentage of 26.46±5.77%. 
This value was significantly different from those observed in the 2 other groups which 
instead were very similar (9.82±0.80% and 9.38±4.40% in intensively-reared and 
extensively-reared fish, respectively). 
The EPA/DHA ratio was higher in the group of fish reared in cages in the Alghero Bay 
(0.72±0.07) in comparison with those from the Tortolì’s lagoon (0.52±0.14) and from 
the Gulf of Asinara (0.26±0.09). 
There were significant differences among the 3 groups. In particular, the wild gilthead 
seabream specimens, although having a good EPA mean value, showed the lower 
EPA/DHA ratio due to their high value of DHA. 
However, the sum of these 2 important fatty acids (EPA+DHA) exhibited the higher 
value in the wild fish group (32.84±5.48%), followed by the intensively-reared 
(16.83±0.97%) and the extensively-reared ones (13.83±5.16%) with significant 
differences among them. 
The low values of the atherogenicity index (AI) (0.44±0.02, 0.48±0.05 and 0.42±0.09, 
for intensively-reared, extensively-reared and wild fish, respectively) and of the 
thrombogenicity index (TI) (0.24±0.01, 0.41±0.08 and 0.25±0.05, for intensively-
reared, extensively-reared and wild specimens, respectively) observed confirm a high 
poly-unsaturated fatty acids (PUFA) content in all the 3 gilthead seabream groups 
examined. 
Comparing the values of AI and TI reported in Tab. 3.9 for the S. aurata specimens 
examined with those given by Ulbricht & Southgate (1991) for chicken flesh 
(respectively of 0.30 and 0.95), it is worth emphasizing the high lipid quality of this 
food for health and human consumption. 
As regards all the above-mentioned fatty acids variables (comprised sums, ratios and 
health indexes), one-way ANOVA showed significant differences among the 3 different 
gilthead seabream groups except for the C20:2 n6 mean content that was approximately 
equal in reared and wild fish (Tab. 3.9). 
Finally, details of ANOVA results and Student-Newman-Keuls post-hoc comparison 





Tab. 3.9. Fatty acids profile of the 3 gilthead seabream groups examined. 
   Group   
 Intensive  Extensive  Wild 
C14 4.05±0.31A  2.64±0.51B  1.19±0.91C 
C16 16.61±0.95C  21.13±1.64B  22.73±2.35A 
C16:1 n7 5.60±0.34B  6.81±1.59A  3.10±1.83C 
C16:2 n4 0.51±0.05A  0.09±0.10B  0.00±0.02C 
C16:3 n4 0.54±0.09A  0.05±0.07B  0.06±0.14B 
C18 3.91±0.26B  9.63±1.18A  8.98±1.49A 
C18:1 n9 19.24±1.55B  29.04±4.99A  9.94±3.91C 
C18:1 n7 3.07±0.27B  3.97±0.56A  3.02±0.67B 
C18:2 n6 17.34±1.10A  0.64±0.16B  1.08±1.18B 
C18:3 n3 1.89±0.16A  0.22±0.12B  0.28±0.16B 
C18:4 n3 1.26±0.07A  0.75±0.24B  0.73±0.53B 
C20:1 n9 1.82±0.14A  1.52±0.29B  0.47±0.31C 
C20:2 n6 0.44±0.06  0.41±0.06  0.40±0.25 
C20:4 n6 0.74±0.07C  4.32±1.75B  10.23±3.01A 
C20:4 n3 0.79±0.05A  0.42±0.14B  0.40±0.19B 
C20:5 n3 EPA 7.00±0.45A  4.45±1.11B  6.38±1.31A 
C22:5 n3 4.10±0.27a  3.57±0.88b  3.53±0.95b 
C22:6 n3 DHA 9.82±0.80B  9.38±4.40B  26.46±5.77A 
      
SFA 24.57±0.74B  33.41±2.12A  32.90±2.96A 
MUFA 29.75±1.49B  41.36±6.12A  16.56±5.24C 
PUFA 45.69±1.85B  25.23±7.13C  50.53±6.32A 
∑ n3 25.40±1.09B  19.18±5.71C  37.96±5.18A 
∑ n6 18.86±1.16A  5.76±1.72C  12.07±3.26B 
n3/n6 1.35±0.09B  3.40±0.81A  3.36±0.93A 
EPA/DHA 0.72±0.07A  0.52±0.14B  0.26±0.09C 
EPA+DHA 16.83±0.97Ba  13.83±5.16Bb  32.84±5.48A 
AI 0.44±0.02AB  0.48±0.05A  0.42±0.09B 
TI 0.24±0.01B  0.41±0.08A  0.25±0.05B 
Values are mean and standard deviation of 30 specimens. Values in each row with different superscript 
letters are significantly different (A, B, C=p<0.01; a, b, c=p<0.05). 
Abbreviations: SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated 






Tab. 3.10. ANOVA results for fatty acids of the 3 gilthead seabream groups examined. 
  C14  C16  C16:1 n7  C16:2 n4  C16:3 n4 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 61.02 155.62 0.000  302.45 99.64 0.000  107.40 53.68 0.000  2.20 542.69 0.000  2.36 213.08 0.000 
Residuals 87 0.39    3.04    2.00    0.00    0.01   
Cochran’s test   0.697 p<0.01   0.607 p<0.01   0.558 p<0.01   0.793 p<0.01   0.636 p<0.01 
Transformation    none    none    none    none    none 
SNK test    W<E<I    I<E<W    W<I<E    W<E<I    E=W<I 
 
  C18  C18:1 n9  C18:1 n7  C18:2 n6  C18:3 n3 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 293.83 239.16 0.000  2739.79 192.70 0.000  8.61 31.17 0.000  2715.33 3106.73 0.000  26.86 1239.24 0.000 
Residuals 87 1.23    14.22    0.28    0.87    0.02   
Cochran’s test   0.602 p<0.01   0.584 p<0.01   0.539 p<0.05   0.532 p<0.05   0.400 ns 
Transformation    none    none    none    none    none 
SNK test    I<W<E    E<I<W    W=I<E    E=W<I    E=W<I 
 
  C18:4 n3  C20:1 n9  C20:2 n6  C20:4 n6  C20:4 n3 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 2.67 23.52 0.000  14.92 220.57 0.000  0.02 0.75 0.474  689.94 170.83 0.000  1.44 75.19 0.000 
Residuals 87 0.11    0.07    0.02    4.04    0.02   
Cochran’s test   0.813 p<0.01   0.473 ns   0.896 p<0.01   0.748 p<0.01   0.600 p<0.01 
Transformation    none    none    none    none    none 
SNK test    W=E<I    W<E<I    I=E=W    I<E<W    W=E<I 





Tab. 3.10. Continued. 
  C20:5 n3 EPA  C22:5 n3  C22:6 n3 DHA  SFA  MUFA 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 52.99 50.37 0.000  3.01 5.18 0.008  2843.69 160.27 0.000  739.39 160.56 0.000  4618.31 206.44 0.000 
Residuals 87 1.05    0.58    17.74    4.61    22.37   
Cochran’s test   0.546 p<0.05   0.516 p<0.05   0.625 p<0.01   0.635 p<0.01   0.558 p<0.01 
Transformation    none    none    none    none    none 
SNK test    E<W<I    W=E<I    E=I<W    W=I<E    W<I<E 
 
  PUFA  n3  n6  n 3/n 6  EPA/DHA 
Source of variation df MS F p  MS F p  MS F p  MS F p  MS F p 
Group 2 5412.45 172.26 0.000  2745.09 135.87 0.000  1287.25 258.91 0.000  41.15 80.76 0.000  1.59 142.76 0.000 
Residuals 87 31.42    20.20    4.97    0.51    0.01   
Cochran’s test   0.540 p<0.05   0.537 p<0.05   0.712 p<0.01   0.570 p<0.01   0.596 p<0.01 
Transformation    none    none    none    none    none 
SNK test    E<I<W    E<I<W    E<W<I    I<W=E    W<E<I 
 
  EPA+DHA  AI  TI 
Source of variation df MS F p  MS F p  MS F p 
Group 2 3132.20 163.21 0.000  0.03 8.52 0.000  0.26 82.47 0.000 
Residuals 87 19.19    0.00    0.00   
Cochran’s test   0.521 p<0.01   0.707 p<0.01   0.760 p<0.01 
Transformation    none    none    none 
SNK test    E<I<W    W=I<E    W=I<E





3.2 Multivariate analysis 
Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA) were 
carried out for 3 different datasets (i.e., proximate composition, mineral content and 
fatty acid profiles) in order to assess which variables make the greatest contribution to 
the differentiation of the 3 gilthead seabream groups examined. In detail, fatty acids 
were divided in 2 main categories: 1) saturated and monounsaturated, and 2) 
polyunsaturated n3, n4, and n6. 
As regards LDA, furthermore, 2 discriminant functions were estimated for the 
“provenience” variable, because the number of fish groups examined was 3, and 3-1 the 
maximum number of the eigenvalues of the matrix W-1 B. 
 
3.2.1 Proximate composition 
The PCA scatterplot in Fig. 3.14 shows a clear separation between the wild gilthead 
seabream group and the intensively-reared one, while the extensively-reared specimens 
are rather overlapped between the former two groups. The first 2 components accounted 
for 88.81% of the total variation as shown in Tab. 3.11, which also displays that the 
main source of difference among the 3 fish groups was due to 3 variables for the first 
principal component: protein and lipid with a positive sign of association, and moisture 
with a negative sign. Conversely, ash had a positive sign of association for the second 
principal component. 
As regards the correlation between the proximate composition and the different 
provenience of the gilthead seabreams analyzed (i.e., intensively-reared in the Alghero 
Bay, extensively reared in the Tortolì’s lagoon, and wild specimens from the Gulf of 
Asinara), LDA detected that the first discriminant eigenvalue (7.139) had a Wilks ʎ 
value equal to 0.09. Moisture, lipid and ash had a major influence on the differentiation 
of group provenience. 
The distribution of the data, expressed as discriminant scores along the first 2 
eigenvectors, is reported in Fig. 3.15. This scatterplot shows that the intensively-reared 
fish group is well separated from that of wild gilthead seabreams, while the extensively-
reared specimens are partially overlapped with the other 2 groups, as in the previous 
PCA diagram (Fig. 3.14). 
The results of the classification obtained with LDA for the 90 seabream specimens 
examined (30 per each group) are given in Tab. 3.12. The diagonal from the upper left 





In detail, among the intensively-reared group 28 specimens over 30 were exactly 
classified, among the extensively-reared group 29 over 30, and among the wild gilthead 
seabreams group 27 over 30. In this case, the significance of the statistical test was 




Fig. 3.14. Projection of linear principal component scores along the first 2 eigenvector 
axes, as a function of group provenience, considering proximate 
composition (white, grey, and black dots represent wild, extensively and 
intensively-reared fish, respectively). 
 
 
Tab. 3.11. Correlation coefficients between the first 4 Principal Components and the 
original variables, associated eigenvalues and cumulative percentage of explained 
variance, as regards the 3 gilthead seabream groups. 
Components 
Variables 
I II III IV 
Moisture -0.98 0.05 -0.11 0.14 
Protein 0.82 0.28 -0.50 0.05 
Lipid 0.91 -0.21 0.32 0.11 
Ash -0.02 0.98 0.22 0.00 
Eigenvalues 2.47 1.08 0.41 0.04 







Fig. 3.15. Distribution of data expressed as discriminant scores along 2 eigenvectors, 
as a function of group provenience, regarding proximate composition. 
 
 
Tab. 3.12. Classification table for the 3 gilthead seabream groups for proximate 
composition. 
 Predicted group 
Actual group Intensive Extensive Wild Total 
Intensive 28 2 0 30 
Extensive 1 29 0 30 
Wild 0 3 27 30 
Total 29 34 27 90 
Accuracy of prediction (%) 93.33 96.67 90.00 93.33 
 
 
3.2.2 Mineral content 
The PCA scatterplot in Fig. 3.16 shows a certain degree of overlapping among the 3 
gilthead seabream groups examined, particularly for the intensively and the extensively-
reared ones. The first 4 components accounted for 69.73% of the total variation as 





2 variables that mainly contribute to the separation: Na with a positive sign of 
association, and P with a negative sign. On the second principal component, both Mg 




Fig. 3.16. Projection of linear principal component scores along the first 2 eigenvector 
axes, as a function of group provenience, considering mineral content 
(white, grey, and black dots represent wild, extensively and intensively-
reared fish, respectively). 
 
As regards the correlation between the mineral content and the different origin of the 
fish examined, LDA revealed that the first discriminant eigenvalue (2.423) had a Wilks 
ʎ value equal to 0.11. Mg, K, P, and Mn had a major influence in determining the group 
of provenience. 
The distribution of the data, expressed as discriminant scores along the first 2 
eigenvectors, is illustrated in Fig. 3.17. This scatterplot shows a clear cut separation 
between the intensively-reared group and the wild one. The extensively-reared 
specimens are to some extent overlapped with the other 2 groups. 
The results of the classification carried out with LDA are summarized in Tab. 3.14. The 
diagonal from the upper left corner shows the number of fish correctly classified. In 
particular, among the intensively-reared group 29 specimens over 30 were exactly 
classified, among the extensively-reared group 28 over 30, and the wild gilthead 
seabreams group 28 over 30. In this case, the significance of the statistical test was 





Tab. 3.13. Correlation coefficients between the first 4 Principal Components and the 
original variables, associated eigenvalues and cumulative percentage of explained 
variance, as regards the 3 gilthead seabream groups. 
Components 
Variables 
I II III IV 
Mg -0.38 0.76 -0.22 0.04 
Ca 0.48 0.11 0.29 0.71 
Na 0.76 0.08 -0.16 -0.10 
K 0.62 -0.26 0.01 -0.33 
P -0.77 0.21 0.25 0.01 
Fe 0.04 0.44 0.62 -0.50 
Zn -0.61 -0.23 0.01 0.14 
Cu -0.05 -0.28 0.78 0.11 
Mn 0.48 0.74 0.07 0.12 
Eigenvalues 2.54 1.58 1.23 0.93 




Fig. 3.17. Distribution of data expressed as discriminant scores along 2 eigenvectors, 





Tab. 3.14. Classification table for the 3 gilhead seabream groups for mineral content. 
 Predicted group 
Actual group Intensive Extensive Wild Total 
Intensive 29 1 0 30 
Extensive 1 28 1 30 
Wild 0 2 28 30 
Total 30 31 29 90 




3.2.3 Fatty acids 
3.2.3.1 Saturated and monounsaturated 
The PCA scatterplot in Fig. 3.18 shows that all the 3 gilthead seabream groups are quite 
well separated (except for few specimens) from each other. 
The first 2 components accounted for 82.76% of the total variation as reported in Tab. 
3.15, which also shows that for the first principal component there were 3 variables with 
a major weight in discrimination: C14, C16:1 n7, and C20:1 n9, all with a positive sign 
of association. 
On the other hand, for the second principal component, both C18 and C18:1 n7 
significantly contributed with a positive sign of association. 
As far as the correlation between saturated and monounsaturated acids and the different 
origin of the fish examined is concerned, LDA detected that the first discriminant 
eigenvalue (17.870) had a Wilks ʎ value equal to 0.006. 
The scatterplot shown in Fig. 3.19 displays that the 3 groups of Sparus aurata 
specimens seem to discriminate very well the site of provenience. 
All fatty acids here considered had a direct influence on the differentiation of group 
origin. 
The results of the classification performed with LDA are illustrated in Tab. 3.16. The 
diagonal from the upper left corner displays the number of specimens correctly 
classified. 
It is worth noting that in this case all the gilthead seabreams from the 3 groups 
considered were exactly classified, and therefore the significance of the statistical test 







Fig. 3.18. Projection of linear principal component scores along the first 2 eigenvector 
axes, as a function of group provenience, considering saturated and 
monounsaturated fatty acids (white, grey, and black dots represent wild, 




Tab. 3.15. Correlation coefficients between the first 4 Principal Components and the 
original variables, associated eigenvalues and cumulative percentage of explained 
variance, as regards the 3 gilthead seabream groups. 
Components 
Variables 
I II III IV 
C14 0.93 -0.21 -0.18 -0.13 
C16 -0.66 0.61 -0.06 -0.38 
C18 -0.60 0.71 0.27 0.15 
C16:1 n7 0.81 0.47 -0.15 -0.22 
C18:1 n9 0.68 0.59 0.40 -0.02 
C18:1 n7 0.36 0.76 -0.45 0.29 
C20:1 n9 0.91 -0.03 0.33 0.05 
Eigenvalues 3.74 2.05 0.60 0.32 









Fig. 3.19. Distribution of data expressed as discriminant scores along 2 eigenvectors, 
as a function of group provenience, regarding saturated and 
monounsaturated fatty acids. 
 
 
Tab. 3.16. Classification table for the 3 gilthead seabream groups for saturated and 
monounsaturated fatty acids. 
 Predicted group 
Actual group Intensive Extensive Wild Total 
Intensive 30 0 0 30 
Extensive 0 30 0 30 
Wild 0 0 30 30 
Total 30 30 30 90 
Accuracy of prediction (%) 100 100 100 100 
 
 
3.2.3.2 Polyunsaturated fatty acids 
The scatterplot illustrated in Fig. 3.20 shows a clear separation of the intensively-reared 






The first 3 components accounted for 83.76% of the total variation as illustrated in Tab. 
3.17, that also shows that for the first principal component the variables C18:3 n3, 
C18:4 n3, C20:4 n3, C16:2 n4, C16:3 n4, and C18:2 n6, all with a positive sign of 
association, had a major influence. For the same principal component, also C20:4 n6 
contributed in discriminating the 3 fish groups, but with a negative sign. 
For the second principal component, instead, C20:5 n3 EPA significantly contributed 




Fig. 3.20. Projection of linear principal component scores along the first 2 eigenvector 
axes, as a function of group provenience, considering polyunsaturated fatty 
acids (white, grey, and black dots represent wild, extensively and 
intensively-reared fish, respectively). 
 
As regards LDA, the first discriminant eigenvalue (150.229) had a Wilks ʎ value equal 
to 0.001; the scatterplot shown in Fig. 3.21 reveals that the 3 fish groups seem to 
discriminate very well the site of provenience except for only 1 specimen of the 
extensively-reared group. In this analysis C22:5 n3, C22:6 n3 DHA, C16:2 n4, C18:2 
n6, C20:2 n6, and C20:4 n6 had a major influence on the differentiation of group origin. 
The results of the classification carried out with LDA are summarized in Tab. 3.18. All 
the samples considered were correctly classified except for only 1 specimen from the 






Tab. 3.17. Correlation coefficients between the first 4 Principal Components and the 
original variables, associated eigenvalues and cumulative percentage of explained 
variance, as regards the 3 gilthead seabream groups. 
Components 
Variables 
I II III IV 
C18:3 n3 0.97 0.11 0.04 0.10 
C18:4 n3 0.75 -0.13 -0.38 0.10 
C20:4 n3 0.90 -0.01 -0.27 -0.02 
C20:5 n3 EPA 0.49 0.76 -0.22 0.09 
C22:5 n3 0.30 0.48 0.52 -0.60 
C22:6 n3 DHA -0.55 0.68 -0.21 0.24 
C16:2 n4 0.97 0.01 0.05 0.01 
C16:3 n4 0.91 0.16 0.01 0.01 
C18:2 n6 0.95 0.14 0.14 0.10 
C20:2 n6 0.08 0.03 0.85 0.47 
C20:4 n6 -0.79 0.54 -0.09 0.04 
Eigenvalues 6.24 1.64 1.33 0.68 
Cumulative % 56.7 71.63 83.76 89.93 
 
 
Fig. 3.21. Distribution of data expressed as discriminant scores along 2 eigenvectors, 






Tab. 3.18. Classification table for the 3 gilthead seabream groups for polyunsaturated 
fatty acids. 
 Predicted group 
Actual group Intensive Extensive Wild Total 
Intensive 30 0 0 30 
Extensive 0 29 1 30 
Wild 0 0 30 30 
Total 30 29 31 90 







There is much debate and concern over farmed versus wild fish quality. During the past 
few years, the production of farmed fish has considerably increased compared to wild 
fish captures, and the quality of reared specimens was increasingly affected by the 
features of artificial feeds. At present, therefore, there is a growing need to develop 
appropriate analytical methods that allow discrimination between wild and farmed fish, 
and determination of their geographical origin or method of production (Moretti et al., 
2003; Giani et al., 2005; Arribére et al., 2006). 
In Italy, aquaculture farming techniques show characteristics that can be reduced to 3 
main typologies: extensive-rearing in brackish lagoons, intensive-rearing in ground 
tanks and in off-shore floating cages. These different farming practices affect the 
production of fish species structuring their body composition. 
When placed on the market, fish products from farming activities and from the wild can 
vary in some details of appearance, as in their organoleptic, chemical and dietetic 
parameters, due to a number of differences in environmental, nutritional, and/or rearing 
conditions. 
Sensory features that characterize a fish and determine an initial assessment of the 
quality in the buyer are related to superior fresh aroma, concave and shiny eye, 
iridescence of skin with firmly scales, and red gills without mucus. 
The different farming practices, however, seem do not intensely affect the majority of 
these sensory issues except, perhaps, for minor morphologic differences between wild 
and reared fish. In fact, some dissimilarities in their appearance are really perceptible 
and are due, in particular, to a superior pigmentation of the skin and to the firmness of 
the scales in wild specimens. 
The characteristics not immediately noticeable are instead represented by the texture of 
the meat, the total quantity of fat and, consequently, by the flavor it brings. In addition, 
what is widely taken into account by nutritionists is the fatty acid composition focusing, 
in particular, on the polyunsaturated and monounsaturated fats over saturated, and 
among the n3 than the n6 PUFAs. 
Fish farming can be fully controlled along the whole productive chain, starting from the 
feed composition, which will be structured according to the nutritional requirement of 
the species, including the necessary percentage of proteins and fats. 
However, both reared and wild fish are considered as a healthy food, able to have a 





nutritionists recommend eating fish products at least twice a week. 
The intensively-reared gilthead seabreams analyzed in this study showed the highest 
total lipid content and the lowest moisture content which, instead, was higher in the 
wild ones. 
As far as the protein and ash content is concerned, analyses did not reveal significant 
differences among the 3 groups studied, which values were quite similar to those 
reported by several other authors (Amerio et al., 1996; Huidobro et al., 2001; Alasalvar 
et al., 2001; Flos et al., 2002; Grigorakis et al., 2002; Grigorakis & Alexis, 2005; 
Özyurt et al. 2005; Senso et al., 2007; Testi et al., 2006; Erkan & Özden, 2007; Ferreira 
Pinto et al., 2007). 
From both nutritional and dietetic standpoints, fish energy content was very interesting, 
with the highest mean value (reported as Kcal/100 g wet weight) in the muscle of the 
intensively-reared specimens from the Alghero Bay, in comparison with the lowest 
value from wild fish the Gulf of Asinara. 
On the other hand, Sparus aurata individuals from the Tortoli’s lagoon showed a 
superior body yield and better biological indexes  as well as the lowest rejection rate 
percentage and viscerosomatic index. 
In general, the mineral content of fish muscle can be influenced by various factors such 
as sexual maturity, food sources and environment (salinity, temperature, etc.). All the 
gilthead seabreams examined in this study were sexually immature (i.e., less than 2 
years old), and the environmental conditions were quite similar for the 3 groups 
analyzed (i.e., all samples were collected during the winter season). Therefore, the 
differences observed in the mineral content of their muscle could be directly related to 
the dietary mineral concentrations in the artificial feed of intensively-reared specimens 
and to a natural dietary variation in extensively-reared and wild fish. 
Analyses of fatty acid profiles showed that palmitic acid (C16:0) and oleic acid (C18:1 
n9) were the principal components (among the saturated fatty acids and 
monounsaturated fatty acids, respectively) in all the 3 gilthead seabream groups 
examined. 
It is worth noting that both linoleic acid (C18:2 n6) and arachidonic acid (C20:4 n6) 
were predominant between the n6 polyunsaturated fatty acids in intensively-reared and 
wild specimens, respectively. 
Sparus aurata intensively-reared specimens were easy distinguishable from both 





DHA observed in the wild group examined was presumably attributable to the presence 
of these compounds in many marine planktonic organisms. On the other hand, 
particularly high levels of saturated and monounsaturated fatty acids registered in 
intensively-reared fish were due to the features of some ingredients commonly used in 
aquaculture feed formulations. 
On the basis of these results, therefore, remarkable differences were detected in the 
composition of the muscle of both intensively and extensively-reared and wild gilthead 
seabream, even though these dissimilarities were not equally relevant for all of the 
chemical compounds analyzed. The 3 fish groups studied, in fact, had in common a 
number of positive nutritional features, which were better highlighted by both the 
health-related atherogenicity (AI) and thrombogenicity (TI) indexes, and by the ratio 
between n3 and n6 PUFAs. Nevertheless, some better characteristics for human health 
were observed in the muscle of the wild specimens studied. 
Summarizing, the rearing conditions of the intensively-reared gilthead seabream 
specimens and the diet of the extensively-reared and wild ones directly affected their 
quality traits. 
As already mentioned, it has been ascertained that the consumption of fish products has 
a positive effect on human health, playing a preventive role in the occurrence of 
cardiovascular diseases. 
It is worth noting, however, that AI and TI need to be more clearly established in order 
to determine the real thrombogenicity or atherogenicity effects. In any case, the 
suggestion that “a person is well advised to eat more fish” still remains a good advice 
(Valfré et al., 2003). 
The study of the chemical composition of the muscle of wild, extensively and 
intensively-reared gilthead seabreams and the subsequent comparison (such as the one 
carried out in this research) can help to improve both the nutritional quality of 
aquaculture feed composition and the farming techniques used by pointing out some 
qualitative and quantitative putative deficiencies in reared fish. 
In general, however, to guarantee the quality of farmed fish species special care must be 
taken in the source of all the dietary components, the amount to be included in artificial 
feed and the ration to be administered to the reared specimens, without leaving out the 
importance of a correct management of the whole rearing process. 
In conclusion, fish farmers possess an advantage over fishermen, since they can control 





consumers with high-quality and safe aquaculture products. 
While the need for improved efficiency will be critically important in the development 
of world aquaculture, so will be other factors, particularly food safety and economically 
and environmental sustainable food production according to agreed and certified 
principles (with particular attention to animal welfare), all of which rank increasingly 
high in consumer perception and acceptance of aquatic products. 
Therefore, higher production efficiency standards (and excellent competitiveness in 
comparison with the fishery sector) will certainly enable “good” aquacultural practices 
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